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F O R E W O R D  

l K A S A ' s  Exobiology Program i s  d i rec ted  toward understanding the  o r i g i n ,  

, evolu t ion ,  a n d  d i s t r i b u t i o n  o f  1 i f e  a n d  l i f e - r e l a t ed  molecules throughout the  
universe.  The unifying concept underlying research in exobiology i s  t h a t  t he  
o r i g i n  a n d  evolution of  l i f e  i s  an integral p a r t  o f  the  o r i g i n  a n d  evolution 
o f  stars and p lane ts ;  t h u s ,  l i f e  i s  a product o f  a continuun o f  physical and 
chemical processes t h a t  s t a r t e d  with the o r i g i n  of t he  universe i t s e l f .  
Constructing a plausible pathway t h a t  leads from the o r i g i n  of the universe t o  

co l lec ted  from ground-based, space a n d  planetary invest igat ions.  In t h i s  
con tex t ,  t he  Space S ta t ion  wil l  contr ibute  s i g n i f i c a n t l y ,  p r o v i d i n g  t h ree  new 
t o o l s :  enhanced observational capab i l i t y ;  -- i n  situ cosmic d u s t  c o l l e c t i o n ;  and 
a unique environment f o r  a v a r i e t y  o f  simulations. 

I 

I 
I 
I 

I 
, t h e  establishment of a sustained b i o t a  o n  E a r t h  involves the synthes is  of  d a t a  

1 
I 

This document speci f i ca l  l y  addresses two research f ac i l  i t i e s  on t h e  Space 
S ta t ion  which will serve the  i n t e r e s t s  of Exobiology. The two f a c i l i t i e s  a r e  
t h e  Gas Gra in  Simulation F a c i l i t y  and the  Cosmic h s t  Collection Fac i l i t y .  
The former will be located within the  pressurized research labora tory  a n d  the 
l a t t e r  will be a n  attached payload. A unique aspect  of  these f a c i l i t i e s  i s  
t h a t  they will  be shared by Planetary Science a n d ,  in the case of  t h e  Gas 
G r a i n  Simul a t ion  Facil i t y  , will  a1 so serve t h e  i n t e r e s t s  of Astrophysics. 

Research conducted in the  two f a c i l i t i e s  will uniquely address fundamental 
questions in Exobiology, Planetary Science, a n d  Astrophysics a n d  wil l  
cont r ibu te  immensely t o  our understanding of t he  formation of planets  a n d  the  
evolution of l i f e .  

I 

I 

This docment provides the  range a n d  scope o f  typical  experiments which could 
be performed in the two f a c i l i t i e s ,  i den t i f i e s  representat ive experiments, a n d  

def ines  a t tendant  hardware a n d  resource requirements. 
! 
I 



, 
I I N T R O D U C T I O N  

1 The Cosmic Dust Collection a n d  Gas Grain S i m u l a t i o n  F a c i l i t i e s  represent  
I 

1 co l l abora t ive  e f f o r t s  between the  L i  f e  Sciences a n d  Sol ar System Expl o r a t i o n  
Divisions designed t o  strengthen a n a t u r a l  ExobiologylPl anetary Sciences 

f a c i l i t y ,  w i t h  Exobiology a primary user .  Conversely, the Gas Grain F a c i l i t y  
i s  a n  Exobiology f a c i l i t y ,  w i t h  Planetary Science a primary user. 

, 
I connection. The Cosmic Dust Collection Faci l i ty  i s  a Planetary Science 
I 

Requirements for the construct ion a n d  operation o f  the two f a c i l  i t i e s ,  
contained herein,  were developed t h r o u g h  j o i n t  workshops between the tm, 
d i s c i  pl ines , as  were representa t ive  experiments comprising t h e  reference 

payloads. In  the  case o f  t he  Gas Grain S i m u l a t i o n  F a c i l i t y ,  t he  Astrophysics 
Division i s  an  additional potent ia l  u se r ,  h a v i n g  par t ic ipated i n  the  workshop 
t o  s e l e c t  experiments a n d  def ine requirements. 

I 
1 

1 
I 

I 
I 

I This document was compiled by an ExobiologylPlanetary Science working g r o u p  
a n d  descr ibes  reference payloads for  each f a c i l i t y  based on overal l  science 

d o  n o t  represent the outcome of  a payload select ion process. 
I ob jec t ives ,  representat ive experiments, and  equi p e n t .  The reference payloads 

I 

1 



PURPOSE 

The purpose of t h i s  document iS t o  develop a reference payload fo r  research 
t h a t  would be conducted in t h e  Gas Grain Simulation a n d  Cosmic Dust Collection 
F a c i l i t i e s ,  a n d  t o  def ine the  engineering requirements (mass, power, vol m e ,  
e t c . ) .  The docment d e t a i l s  the evolutionary process from science goals a n d  

object ives  t h r o u g h  experiments a n d  hardware a n d  resource requirements. 
Requirements validated by t h i s  document a r e  described in P i s s i o n s  308 a n d  112 
of the  Mission Requirements Data Base. 

This docunent i s  one of a s e r i e s  which wil l  address the design of a n d  the 

s c i e n t i f i c  r a t iona le  fo r  cer ta in  typical  experiments t h a t  might be conducted 
in  the  two f a c i l i t i e s .  This information serves  t o  ensure t h a t  Space Stat ion 
designers a n d  equipnent spec i f i e r s  a r e  responsive t o  t h e i r  users ,  t he  science 
community. No experiments have yet been selected fo r  f l i g h t .  

Table 1 summarizes the  engineering requirements fo r  each of the f a c i l i t i e s  a n d  
compares them t o  the engineering envelope de ta i led  in the Mission Requirements 
Data Base. 

Gas/Grain Simul a t ion Cosmic Dust Collection 
Fac i l i ty  Fac i l i t y  

Mass Volume Power Fa s s Volume Power 

Mission Requirements 200 kg 4.0 m 3  2.0 kw 1600 kg 27 m 3  1.2 k w  
D a t a  Base 

Reference Pay1 oad 180 k g  3 . 2  m 3  1 .54  k w  1600  k g  2 7  m 3  1 . 2  kw 

T a b l e  1. Engineering Enve’ope  S u m z r j ;  

2 



I B A C K G R O U N D  

I 
I 

I a t  NASA’s h e s  Research Center on A u g u s t  2 2 - 2 4 ,  1985. The second d e a l t  with 

The process o f  requirements a n d  experiment d e f i n i t i o n  began w i t h  two  m a j o r  

workshops. The f i r s t  addressed the Gas Grain Simulation F a c i l i t y  a n d  was held 

the  Cosmic Dust Collection Fac i l i t y  a n d  was held a t  the Lunar a n d  Planetary 
I n s t i t u t e ,  i n  Houston, Texas, on December 16-18, 1985. Par t ic ipa t ing  i n  these  
workshops were s c i e n t i s t s  representing a l l  i n t e re s t ed  research d i sc ip l  ines.  

Results of  the two  workshops a re  presented in  references 1 a n d  2. In  summary, 
they  s t rongly  endorsed the  two f a c i l i t i e s ,  out1 ined construct ion requirements 
a n d  engineering spec i f i ca t ions ,  a n d  developed ranges of  research e f f o r t s  which 
could be car r ied  o u t  i n  the  f a c i l i t i e s .  

I 

1 
I 

I 

Following the  i n i t i a l  workshops, s tud ies  were i n i t i a t e d  a n d  w o r k i n g  g r o u p s  
convened t o  p r i o r i t i z e  science object ives  a n d  develop engineering designs.  In 
the case of  the  Gas Grain Simulation Fac i l i t y ,  t h i s  e f f o r t  (whose r e s u l t s  a r e  
presented i n  the following sec t ions)  led t o  a modification of t he  scope 
out l ined i n  the  or ig ina l  workshop. Spec i f ica l ly ,  two broad  c l a s s e s  o f  
experiments were i n i t i a l l y  defined: 
few p a r t i c l e s ,  a n d  cloud experiments involving a l a rge  number of  p a r t i c l e s .  
However, fu r the r  study of  the  l a t t e r  c lass  of experiments revealed a number of 
l imi t ing  f ac to r s  which cannot be s a t i s f a c t o r i l y  resolved i n  t h e  IOC time 

p a r t i c l e s  even i n  microgravity,  due t o  e l e c t r o s t a t i c  e f f e c t s ,  coalescence o f  

p a r t i c l e  experiments involving one o r  a 

1 
I frame. These a re :  experimental d i f f i c u l t i e s  i n  maintaining clouds of 
I 

I the  cloud by the l e v i t a t i o n  mechanism, a n d  wall e f f e c t s ;  s i g n i f i c a n t  increase 

required i n  technical c a p a b i l i t i e s  of t h e  f a c i l i t y  and d a t a  handling 
equipment; and a p rohib i t ive  increase i n  crew time requirements. 
t h e r e f o r e ,  decided t o  focus o n  i n d i v i d u a l  p a r t i c l e  experiments a n d  

I t  was, 

I i n t e rac t ions  for the Gas Gra in  Simulation F a c i l i t y  a t  IOC. This descoping 
will  not compromise science r e tu rns ,  since many of t he  important science 
questions outlined i n  the or iginal  workshop can be f u l l y  addressed by I 

I s ’ rc l  e - p a r t j c l e  experiments. Expansion o f  t h e  f a c i y i t y  t o  a l l o w  c : o u l  

I exFeriments  c o b 1  d be a p a r t  o f  the  FOC-and-beyond capah:’? I C J .  

1 
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SCOPE 

This document contains two chap te r s ,  arranged i d e n t i c a l l y ,  one f o r  each 
f a c i l i t y .  
object ives  a n d  describing the  f a c i l i t y .  
the s c i e n t i f i c  ra t iona le  f o r  the experiments. The th i rd  sect ion i s  a 
descr ip t ive  l i s t  of  the representa t ive  experiments. 
de t a i l i ng  a t y p i c a l  90-day scenario fo r  a selected experiment. I t  i s  followed 
by a section t h a t  1 i s t s  projected supporting equi p e n t  a n d  engineering 
spec i f ica t ions .  
the  Mission Requirements Data Base. A t  t he  end o f  t he  docunent i s  a l i s t  o f  
the  par t ic ipants  i n  the workshops a n d  the cont r ibu tors  t o  t h i s  document, a n d  
t he  references used t o  compile t h  s docunent. 

The f i r s t  sect ion of a chapter  i s  a n  i n t r o d u c t i o n  o u t l i n i n g  science 
I t  i s  followed by a sec t ion  d e t a i l i n g  

Fourth i s  t h e  sec t ion  

Next comes a copy o f  each o f  the two missions a s  described i n  

4 



CHAPTER 1 

GAS G R A I N  S I M U L A T I O N  

FACILITY 
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INTRODUCTION I 

The overal l  object ive o f  t h e  Gas Grain Simulation Fac i l i ty  for  Exobiology i s  

t o  study the  fom!ation, growth, a n d  accretion o f  dust grains a n d  t h e i r  
i n t e r a c t i o n s  with i n t e r s t e l l a r  gases i n  space-based simulations in order t o  
t r a c e  the h is tory  o f  organic mat te r  in t h e  primitive so la r  system; a n d  t o  
evaluate  the  s ignif icance of b io logica l ly  produced organic matter i n  t h e  
evolution o f  the t e r r e s t r i a l  planets.  

Planetary Sciences i s  concerned with b o t h  the  cosmological processes t h a t  led 
t o  the  formation of the so la r  planets  ( a n d  planetary systems in g e n e r a l ) ,  a n d  

t he  behavior of geological a n d  atmospheric mater ia ls  within ex i s t ing  evolved 
planetary bodies. More s p e c i f i c a l l y ,  t h e  research i n t e r e s t  cen ters  a round  t h e  
hehavior a n d  in te rac t ion  of par t icul  a t e  mater ia ls  t h a t  have f ree  p a t h s  which 
a r e  d i s t a n t  from the influence of a s o l i d  o r  l iqu id  surface.  

The research goals o f  the two d i s c i p l i n e s  share the common requirement o f  
study of  pa r t i c l e s  i n  a n  extremely low-gravity environment s ince ,  i n  genera l ,  
they requi re  pa r t i c l e s  t o  be suspended for periods subs t an t i a l ly  1 onger t h a n  
i s  p rac t ica l  a t  1 - g .  This commonality led t o  the concept of  a shared g a s  
grai'n simulation f ac i l  i t y .  
( a b o u t  two  r acks )  in a Space Station research module. 
adaptable p a r t i c l e  suspension chamber in which experiments a re  conducted, 
support equi p e n t  (control , measurement, e l e c t r o n i c s ) ,  a n d  stowage area.  
chamber i s  . O l m  in volume, with a f a i r l y  sophis t icated environment control 

system capable o f  control1 ing internal  g a s  composition, pressure,  a n d  
temperature. 

3 The f a c i l  i t y  requires approximately 3.5m of space 
I t  comprises a n  

The 
3 

Required g l eve ls  a r e  approximately 10-5-g f o r  most experiments. 

7 



R A T I O N A L E  FOR EXOBIOLOGY EXPERIMENTS 

Interact ions between a gas phase a n d  a sol i d  phase include s o r p t i o n  phenomena, 
heterogeneous c a t a l y s i s  , a n d  many other  f ami l  i a r  t e r r e s t r i a l  physical-chemical 
processes. Such in te rac t ions  a re  important i n  space,  pa r t i cu la r ly  f o r  t h e i r  
ro l e s  i n  the  cosmic h i s t o r y  o f  the  biogenic elements a n d  compounds. 
Elucidation o f  th i s  h is tory  involves: 1) t r ac ing  t h e  physical a n d  chemical 
pathways taken by the  biogenic elements a n d  compounds from t h e i r  o r ig ins  i n  

elements and compounds i n  the so la r  system and galaxy t o  develop theo r i e s  
about the formation of  the so la r  system; and 3 )  determining how the  physical 
and chemical propert ies  of  the biogenic elements a n d  compounds influenced the  1 
formation o f  the s o l a r  system and the  bodies w i t h i n  i t .  1 

i n t e rac t ions  among gases a n d  grains i n  space a r e  fundamental t o  theor ies  o f  I 

t he  or ig ins  of t he  cons t i tuents  of  i n t e r s t e l l a r  c louds,  comets , meteor i tes ,  
in te rp lane tary  d u s t ,  a n d  so la r  system bodies. 
i n s i g h t  into t h e  nature o f  these processes a r e  thus of  great  value i n  
confirming o r  re fu t ing  various aspects of these  theor ies .  

, 

1 
s t a r s  t o  t h e i r  incorporation i n  planetesimals;  2 )  measuring the  biogenic I 

In th i s  contex t ,  

I 
Experiments capable of  yielding 

I 
I 

Grain Nucleation 

I 

1 Nucleation, condensation, a n d  growth  of carbonaceous pa r t i c l e s  must occur i n  

the  envelopes o f  c a r b o n  s t a r s  t o  yield the  observable c i rcumstel lar  dust  a n d  

molecules. Similar processes a r e  t h o u g h t  t o  occur under conditions a s  diverse  
as  those i n  i n t e r s t e l l a r  clouds a n d  the  atmospheres of  the outer  planets a n d  
t h e i r  s a t e l l  i t e s ;  observational evidence suggests the  presence o f  fine-grained 
dust (fro;;i l e s s  t h a n  0.1 micron t o  about 1 micron i n  diameter, presumably 
containing varying proportions of hydrogen, carbon, ni t rogen,  a n d  oxygen) i n  

b o t h  types o f  environments. A1 t h o u g h  there  a r e  some theoret ical  discussions 
of the  properties of dust  based on remote spectrophotometric observat ions,  t he  
physical a n d  chemical characters  o f  t he  material  s remain poor ly  understood, a s  
does t h e  nature o f  t h e  prccesses t h a t  produced t h e r .  

I 

A1 though theories  of g r a i n  nucleat ion,  condensation, a n d  dust g rowth  a r e  being 
developed, the  complexities o f  the natural processes make them d i f f i c u l t  t o  
model. The few experimental s tud ies  t h a t  have been conducted were performed 

8 



under condi t ions t h a t  d o  n o t  permit scaling t o  re levant  astrophysical 
environments. A common fea ture  of the processes i n  the  environments mentioned 

above i s  t h a t  grains form a n d  evolve over subs tan t ia l  lengths o f  time while 
suspended in a th in  g a s  phase, l a r g e l y  -- i f  n o t  e n t i r e l y  -- independent o f  

other  grains. 
chemistry,  s t r u c t u r e ,  morphology, a n d  other c h a r a c t e r i s t i c s  of t h e  d u s t .  
While t h i s  condition i s  d i f f i c u l t ,  i f  not impossible, t o  model i n  a 
t e r r e s t r i a l  l abora tory ,  i t  may be ef fec t ive ly  simul ated i n  microgravity. 
Experiments i n  Ea r th  o r b i t  would provide "space t r u t h "  for  analogous 
experiments car r ied  o u t  in t e r r e s t r i a l  l abora tor ies  on computers. 
Furthermore, they would yield samples under we1 1 -defined c o n d i t i o n s ,  whose 
proper t ies  could be readi ly  determined and  compared w i t h  those of natural  

material  e i t h e r  remotely sensed or obtained from meteor i tes ,  i n t e rp l ane ta ry  
d u s t ,  a n d  d u s t  returned i'rsiii a eoii iet. 

This condition should influence the  r a t e  of formation, 

G r a i n  Accretion 

Once grains a r e  formed i n  the  s o l a r  nebula, they  must accrete  t o  form the  
l a r g e r  planetesimal-sized objec ts  thought t o  have been the  building blocks of  
planets .  The r a t e  a n d  mechanism f o r  planetesimal formation a r e  believed t o  
depend on the  s i z e ,  d i s t r i b u t i o n ,  composition, a n d  s t ruc tu re  of  nebular dust .  
I n  theory,  t h e  a b i l i t y  of co l l i d ing  grains t o  cohere depends l a rge ly  on 
short-range Van der Waal s i n t e rac t ions ,  although e l e c t r o s t a t i c  a n d  
ferromagnetic forces may come i n t o  play. I t  has been suggested t h a t  grains  
endowed with mantles containing organic matter and/or icy components should 
accre te  and grow f a s t e r  t h a n  o thers .  Despite i t s  imp1 icat ions f o r  ea r ly  s o l a r  

system h i s t o r y ,  t h i s  suggestion has  never been t e s t ed  experimentally. 
Microgravity f ac i l  i t i e s  would provide excellent opportuni t ies  fo r  model 
s tud ies  of  g r a i n  accretion in the  space environment. 

Gas-Grain Reactions 

I n  addition t o  g r o w i n g  by the  passive accretion o f  gaseous species t o  i t s  
su r f ace ,  a d u s t  grain can provide an active surface t o  catalyze reac t ions  o f  
species  sorbed t o  i t ,  o r  can i t s e l f  be changed by chemical react ions with 
sorbed gases.  Chemical react ions between gas  a n d  dust hypothesized t o  occur 

9 



I 
j 

i n  i n t e r s t e l l a r  clouds a n d  i n  the s o l a r  nebula may account f o r  organic ma t t e r  
observed by r a d i o  astronomers i n  the  c louds ,  a n d  by chemists i n  me teo r i t i e s ,  
comets, a n d  in te rp lane tary  dust .  These ideas a re  most commonly expressed i n  

terms of a Fischer-Tropsch Type ( F T T )  synthes is  i n  which t h e  surfaces  o f  

si1 i c a t e ,  metal , or metal oxide grains suspended i n  i n t e r s t e l l a r  clouds o r  t h e  
s o l a r  nebula provide ac t ive  s i t e s  f o r  ca t a lys i s .  
carbon monoxide ( C O ) ,  carbon dioxide ( C O P ) ,  a n d  ammonia (NHj )  sorbed on t h e  
s i t e s  a t  temperatures from 300' t o  600' K a r e  t h o u g h t  t o  have been converted 
spontaneous1 y t o  organic compounds an3 o ther  carbonaceous phases. These 
products,  i n  the case o f  t he  s o l a r  nebula,  were subsequently re ta ined  o n  t he  
grains a n d  accreted i n t o  pr imit ive planetesimals. According t o  the  FTT 
synthesis  scenario,  i n t e r s t e l l a r  molecules represent products o f  nebular 

synthes is  t h a t  were ejected i n t o  t h e  surrounding medium d u r i n g  d i s s i p a t i o n  of 
p re s t e l l  ar nebul ae. 

I 

I 

Molecules o f  hydrogen ( H 2 ) ,  I 

I 
I 
I 

I 
I 

I 
I 

Recent d a t a  from analyses of organic matter i n  meteorites a n d  from laboratory 
FTT syntheses suggest ,  however, t h a t  FTT processes cannot explain a l l  t h e  

they can account for  remains t o  be c l e a r l y  es tab l i shed ,  and addi t ional  
a r t i f i c i a l  syntheses may provide the c lues  , provided they a r e  conducted under 
conditions t h a t  may be extrapolated t o  natural  processes. I 

I 

observed molecular a n d  i so topic  c h a r a c t e r i s t i c s  of the  natural  products. W h a t  ~ 

I 
A l l  laboratory FTT react ions have been conducted a t  o r  near 1 atmosphere ( a t m )  
t o t a l  pressure with a bed o f  c a t a l y s t s .  
c o l l  i de ,  other , chemical intermediates can migrate from c a t a l y s t  s i t e s  on one 
grain t o  those o n  o the r s ,  a n d  oppor tuni t ies  ex i s t  fo r  a d iverse  chemistry. In 
the  nebular environment, t he  t o t a l  pressure i s  t c  ~ t m  an8 dust i s  

expected t o  comprise about 1% o f  the  mass. 
gases a n d  react ive intermediates produced on a grain would remain on  t h a t  
g r a i n  ( o r  desorb into the g a s  phase where other  processes would govern t h e i r  
f a t e )  u n t i l  the g r a i n  i s  accreted w i t h  o thers  in to  l a rge r  ob jec t s ;  
ccnsequently, t h e  c o n p o s i t i o n  a n d  a b u n d a E c e  o f  t h e  p r o d u c t s  e n d  t h e  r a t e s  a t  
w h i c h  they could form may be s t rongly constrained a n d  d i f f e r e n t  from those 
observed i n  t e r r e s t r i a l  l abo ra to r i e s .  Gas-grain in t e rac t ions  t h a t  a r e  
independent of a bulk so l id  phase should be amenable t o  study under 
microgravity conditions.  

Under these conditions , gra ins  

Under these conditions , sorbed 
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E XPER IMENT DESCRI PT IONS 

Di sc ip l  ine:  Exobiology 

Session T i t l e :  Ti t a n  A t m  o s ph e r  i c Aerosol Simul a t i o n  

Objective: The objec t ive  of this experiment i s  t o  simulate the  formation 
of t he  h i g h  a l t i t u d e  organic haze on T i t a n .  This experiment 
would build on the  extensive experience already obtained i n  
ground-based labora tor ies  in simulating organic mater ia l  
production i n  Ti tan-1 i ke atmospheres. The microgravi t y  
environment would allow for  the  extension of  these 
ground-based experiments. 
nrganir p a r t i c l e s  - -  the  nature o f  t h e i r  growth (coagulat ion 
v s .  condensation),  t h e i r  opt ical  s ca t t e r ing  a n d  physical 
p roper t ies  - -  can be investigated.  
because o f  t he  upcoming Cassini Mission t o  Titan. 

Spec i f ica l ly  , t he  formation o f  

This experiment i s  t imely 

Performance Reaui rements : 

1. Type/nunber o f  specimens: one T i t a n  haze p a r t i c l e  grown i n  t h e  

2. Measurements/sampl e s :  o p t i c a l  d a t a  obtained d u r i n g  the experiment. 
chamber. 

Disciol ine:  P1 anetary 

Session T i t l e :  

Objective: 

Pa r t i c l e s  i n  the Solar Nebula 

The objec t ive  of  t h i s  experiment i s  t o  simulate the  growth of  
inorganic re f rac tory  pa r t i c l e s  as t h o u g h t  t o  occur i n  t h e  
e a r l y  phase o f  t h .  so la r  r l e b u l a .  

n o t  understood. E v a p o r a t i o n  o f  re f rac tory  mater ia l s  i n t o  a 
low pressure environment tha t  has a ca re fu l ly  cont ro l led  
temperature g r a d i e n t  will  produce re f rac tory  smokes when the  

The g r o w t h  by co2c ju ’z t i cn  i s  
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” c r i t i c a l  s u p e r s a t u r a t i o n ”  o f  t h e  system has been exceeded. 
Measurement v i a  l i g h t  s c a t t e r i n g  or e x t i n c t i o n  o f  t h e  p o i n t  a t  I 

wh ich  n u c l e a t i o n  occu rs  cannot o n l y  y i e l d  n u c l e a t i o n  d a t a ,  b u t  ~ 

t h e  s t i c k i n g  c o e f f i c i e n t s  o f  newly  condensed submicron I 

r e f r a c t o r y  p a r t i c l e s  b y  d e t e r m i n i n g  t h e  t i m e  e v o l u t i o n  o f  t h e  I 
p a r t i c l e  s i z e  d i s t r i b u t i o n .  O p t i c a l  methods shou ld  be 

I 
I supplemented b y  a c t i v e  p a r t i c l e  c o l l e c t i o n  (and subsequent 

a n a l y s i s )  i n  o r d e r  t o  de termine t h e  morphology and degree o f  I 

c r y s t a l l i n i t y  o f  such newly  formed p a r t i c l e s .  I 

i f  o p t i c a l  m o n i t o r i n g  i s  con t inued ,  w i l l  a l s o  y i e l d  d a t a  on I 

D i s c i p l i n e :  As t rophys i cs /Exob io logy  

Sess ion  T i t l e :  Carbon Gra in  Format ion i n  S t e l l a r  Atmosphere 

O b j e c t i v e :  The o b j e c t i v e  o f  t h i s  exper iment  i s  t o  s i m u l a t e  t h e  f o r m a t i o n  
I 
I 

o f  carbon p a r t i c l e s  i n  t h e  atmospheres o f  l a t e - t y p e  s t a r s .  

The d u s t  condensat ion  process i s  n o t  understood. A l l  models 

f a i l  t o  d e s c r i b e  t h i s  process b y  seve ra l  o r d e r s  o f  magnitude, 

y e t  i t  i s  from t h i s  d u s t  t h a t  an i m p o r t a n t  component o f  t h e  

I 

I 
s o l a r  system has formed. Th is  exper iment  would be based on 1 

o u r  o b s e r v a t i o n  o f  d u s t  f o r m a t i o n  i n  these o b j e c t s  and i 
l a b o r a t o r y  s t u d i e s  o f  p a r t i c l e s  suspended i n  c r y o g e n i c  r a r e  

gas s o l i d s .  The m i c r o g r a v i t y  env i ronment  would a l l o w  us t o  

f o l l o w  t h e  growth  o f  a p a r t i c l e  f rom i t s  f r e e  m o l e c u l a r  

t h r o u g h  m o l e c u l a r  c l u s t e r  t o  p a r t i c l e  form. To da te ,  a l l  

t e r r e s t r i a l  exper iments  have f a i l e d  t o  mimic these  c o n d i t i o n s  

because o f  g r a v i t a t i o n a l  e f f e c t s .  The n a t u r e  o f  t h e i r  growth,  

o p t i c a l  s c a t t e r i n g ,  and p h y s i c a l  p r o p e r t i e s  can be 

i n v e s t i g a t e d  i n  a way s i m i l a r  t o  t h a t  descr ibed i n  # I  above. 

Performance Requirements : 

S i m i l a r  t o  #1 above, t h i s  t i m e ,  however, u s i n g  C 2 H 2  

( a c e t y l e n e )  i n s t e a d  o f  CH4 (methane) as t h e  i n i t i a l  gas. 
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Disci pl i ne : Planetary Science 

Session T i t l e :  Rebound Effects  a n d  Coagulation i n  Pa r t i c l e -Pa r t i c l e  
Inter ac t i o n s 

Objective : The objec t ive  of  th i s  experiment i s  t o  simulate coagulation o f  

aerosol s during pa r t i c l  e -par t ic l  e col l  i s ions .  The experiment 
i s  relevant t o  a wide var ie ty  of d i sc ip l ines .  Experiments of 

this nature can be performed t h a t  cover a wide range o f  
p a r t i c l e  types a n d  co l l i s ion  ve loc i t i e s .  Possible individual 
experiments inc l  ude: 

a .  

b.  

C .  

Low v e l o c i t y  co l l i s ions  between f r a g i l e  pa r t i c l e s .  
i s  re levant  t o  the formation o f  grains i n  the  e a r l y  s o l a r  
nebula. 

This 

Coll is ions between ice pa r t i c l e s .  T h i s  i s  re levant  t o  
determining v i scos i ty ,  wave dispers ion,  a n d  c o e f f i c i e n t  
o f  r e s t i t u t i o n  i n  planetary r ings.  

Collisions between l iquid drops where coalescence,  
rebound, coagulation, d r o p  b r e a k u p ,  a n d  developnent o f  

the  s i z e  d i s t r ibu t ion  during d r o p  breakup a re  s tudied.  
This i s  re levant  t o  cloud formation processes. 

Performance Reauirements : 

1. Type/number o f  specimens: 3 types - -  d u s t  g ra ins ,  i c e  p a r t i c l e s ,  
l i qu id  d r o p s .  A wide range o f  potential compositions a re  possible .  

2,  Measuy-e~cn:s: F ( j ~ h  speed -h-+* - - - -h  pi iu.uyi  a p  iy ,  C ~ ~ T S E  i i ; e a s ~ ~ i n g  c a p a b i i  i i y ,  

op t ica l  1 i g h t  s ca t t e r ing  measurements. 
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GAS GRAIN SIMULATION FACILITY 
TYPICAL 90-DAY SCENARIO 

I 

90-Day Timeline fo r  Titan Atmospheric Aerosol Simulation I 

I 

I Weeks 1-5. Deploynent: The gas g r a i n  simulation f a c i l i t y  i s  stowed, i t s  

meters ) .  Deploynent cons is t s  of re leas ing  launch-safety control valves on the 

power system to  S ta t ion  u t i l i t i e s ,  a n d  following a s e t  of preprogrammed 
t u r n - o n  prompts from t h e  GGSF computer. This i s  a simple connection process 
a n d  only requires about 1 hour .  The 5-week period i s  a l located t o  allow f o r  

I 
schedul i n g .  I 

volune i n  stowage i s  e s s e n t i a l l y  the  same as  i t s  deployed volume ( 4  cubic 

gas can i s t e r s  and power suppl ies  , i n t e r f ac ing  data  systems connecting t h e  

1 

I 
I 

I 

I 

Week 6. Dur ing  week 6 the system would s ta r t  i t s e l f  based on commands from I 

g r o u n d .  

DATA A N D  C O M M A N D  SYSTEM 

The data and  command system we envision i s  a s  follows. The f a c i l i t y  would 
have a bui l t - in  computer control/command system. This system w o u l d  control 
a l l  operations of the f a c i l i t y  during a n  experiment a n d  would involve f a i r  
degree of au tomonous  decision m a k i n g .  I t  would m o n i t o r  system engineering 

1 
4 I 

I 

status  and s e l ec t  the relevant i n fomat ion  packet a n d  send i t  t o  the S t a t i o n  1 
d a t a  bus  f o r  forwarding t o  g r o u n d  operat ions.  
y l v u l l u  n r n t a n A  I + L ~ ~ ~  ~ 8 4 1  A review the  dGwnlink d a t a  and  t r a n r m i +  IlJlll I C CVllllll~llUJ t G  e x e c u t e  

preprogramed sequences o r  t o  en te r  a new program sequence. D u r i n g  an 

experiment d a t a  summaries would a l so  be sen t  down t o  g r o u n d  control .  The d a t a  
exchange requirements a r e  modest, probably a m o u n t i n g  t o  l e s s  t h a n  1 
kilobytelday. Data/comrnand up1 inks would probably occur a b o u t  twice per week. 
In  a d 6 i t i o n  t o  te l  emetry d a t a ,  a 1  1 the r a w  d a t a  a n d  engineerin? syste- 
information would be recorded o n  a tape recorder with the GGSF f o r  l a t e r  
r e t r i e v a l .  
f o r  a system t h a t  can be controlled by commands from the g r o u n d  we have 
v i r t u a l l y  eliminated crew time rquirements fo r  t he  operation of t he  

The operations team on t h e  

By u s i n g  AI techniques o n  t h e  onboard con t ro l l e r  a n d  by allowing 
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experiment. 
automatical ly  shut down the system i n  t h e  event o f  a ser ious problem. 

The c o n t r o l l e r  would allow watch f o r  f a u l t s  a n d  would 

Based on the  c o n t r o l l e r  checkout of  the  system, the  ground sends u p  t he  
command t o  s ta r t  the f ac i l  i t y  a n d  begin pump-down a n d  ca l ib ra t ion .  Steps 
m i g h t  include:  

1. Evacuate chamber, t e s t  vacuum and gas h a n d l i n g  system. Two 
unresolved issues  here a r e :  
a .  Disposal o f  waste gas (venting or  storing). 
b. Safety concerns w i t h  the  g a s  mixture f o r  t h i s  experiment (3% 

methane and 97% nit rogen)  . I t  i s  not considered f l  ammabl e on 
Earth.  

n 
L. Run cay ib ra t ion  t e s t s .  

t e s t i n g  the  l a s e r  l i g h t  source and t he  opt ica l  sensors.  
accompl ished by i n t r o d u c i n g  a latex sphere of precisely k n o w n  s i z e  
and  op t ica l  propert ies  in to  t h e  chamber and a c t i v a t i n g  the  acoust ic  
l e v i t a t i o n  mechanism. Then the l a s e r  l i g h t  would  be act ivated a n d  

sca t te red  l i g h t  from the sphere measured. This would allow for  
checkout a n d  ca l ib ra t ion .  

Cai ibration t e s t s  f o r  t h i s  experiment involve 
This may be 

3. These ca l ib ra t ion  d a t a  sen t  t o  ground. 
4. Data a r e  processed. 
5. Commands sen t  u p  t o  begin the experiment. Because commands a n d  d a t a  

a r e  n o t  relayed i n  real t ime t h i s  procedure takes a week t o  
accompl ish. 

Week 7. Begin gas f i l l  with 3% methane, 97% nitrogen mixture. Set the 
chamber pressure t o  a b o u t  0.2 mb a n d  allow t o  equ i l ib ra t e .  Data i s  obtained 
t o  get  t h e  base1 i n e  1 i g h t  sca t te r ing  due t o  the pa r t i c l e - f r ee  gas (Rayleigh 
s c a t t e r i n g ) .  This d a t a  i s  recorded a n d  summary d a t a  sen t  t o  ground. Commands 
a r e  then sen t  t o  a c t i v a t e  the energy source. 

Weeks 8-11. 
methane-nitrogen mixture can be e i t h e r  a 100 w a t t  u l t r a v i o l e t  l i g h t  source o r  
a 200 V DC source driven by a 15  ma supply (e.g. ,  Khare e t  a1 ., 1985). 
l e v i t a t i o n  mechanism i s  act ivated.  A t  this s tage a n  opt ical  l e v i t a t i o n  scheme 

The energy source which w i l l  cause reac t ions  i n  t h e  

The 
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t o  h o l d  the  vary small (nanometer) gra ins  t h a t  form i n  t he  react ion probably 
would be most appropriate.  These gra ins  will  c o l l e c t  i n  the center  o f  the 
l e v i t a t i o n  well a n d  eventual ly  coagulate i n t o  one p a r t i c l e  o f  l a r g e r  s i z e .  
Pa r t i c l e  s i z e ,  shape and opt ical  propert ies  a r e  monitored by the  opt ica l  
sensors ,  which de tec t  l i g h t  sca t te red  over a l l  d i r e c t i o n s  ( a l l  4 p i  I 

serad ians) .  When the s i ze  o f  the p a r t i c l e  i s  t o o  la rge  for opt ica l  
suspension, then on command from the  ground or based o n  onboard dec i s ions ,  
acoust ic  l ev i t a t ion  i s  ac t iva ted .  The experiment i s  operated i n  t h i s  mode for  

3 weeks a s  t h e  p a r t i c l e  grows. 

I 

I 

I 

I 

i 

Week 12 .  The p a r t i c l e  i s  removed ( e l e c t r o s t a t i c a l l y )  from the changer and 
s tored (negl ig ib le  voune required)  for r e t r i eva l  along w i t h  t h e  da ta  tape of  
the  f u l l  experimental and engineering d a t a .  The remaining g a s  i s  e i t h e r  
vented o r  compressed for t ranspor t  t o  Earth.  

I 

I 

1 
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Pro per t y  

Vol m e  

Mass 

Power 

SPECIFICATIONS O N  VOLUME,  M A S S ,  POWER AND CREW TIME 

New Value 
3 3 . 2  m 

180 kg 

154 0 watts 

Crew time/90 days 5 hours setup 
0.5 hours/wee k 

Commun i c a t i o n s Ground t o  experiments 
Data a n d  commands 

Data r a t e  Less k i l  obytelday 

Ch a n g  eo u t  Tape recorder 
Sing1 e p a r t i c l e  sample 

R a t i o n a l  e 

Total sum o f  equipllent volume 

Descope t o  do p a r t i c l e  
experiments only ( n o t  cloud 
ex per imen t s )  

T r a d i n g  o f f  low power 
requirements with 1 onger duration 
o f  each experiment 

Simp1 e r  sing1 e pa r t i c l  e 
experiments and  a smart 
c o n t r o l l e r  allow s i g n i f i c a n t  
reduction i n  crew requirements 

To i n t e r f ace  w i t h  experiment 
control 1 e r  

Built- in tape recorder 
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R E F E R  E N C  E PAY L O A D  
GAS G R A I N  SIMULATION FACILITY 

Equipment 
Di men s i  o ns 

( i n  cubic meters) 

Laser l i g h t  source 
Optical f i be r  l i g h t  sensor 
Sol id s t a t e  l i g h t  sensor 
Laser 1 evi t a t ion  1 i g h t  sensor 
Ac o u s t  i c resonator 
Tern per a t  ur e c o n  t ro 1 1 e r  wi t h hea t e r  
DC exc i ta t ion  power supply 
UV l i g h t  sources 
Central d a t a  processor/command system 
Recording equi went  
Ex per imen t a l  chamber 
Chamber accessories 

.45 72 

.0508 

.0635 

.0838 

.2769 

.6096 

. 4572  

.207 0 

.2870 

.2286 

. O l O O  

.5000 

Mass 
( i n  kg) 

20.00 
.20 
.50 
2.50 
8.00 

.50 
20.00 
2.50 
35.00 
1 .oo 
10.00 
80.00 

Po we r 
( i n  watts)  

150 
10 
20 
10 
100 
2 00 
2 00 
250 
100 
100 
4 00 

- Performance time: e s s e n t i a l l y  r u n  continuously under the control of 
sel  f-contained e lec t ronics  

- Frequency: ? ?  

- Step funct ions:  ? ?  

- Specimens/samples: only samples a r e  the tape from the tape recorder and  
t he  small s ing le -pa r t i c l e  conta iner  

- Core/investigation: ? ?  

- Sample d ispos i t ion :  re turn  t o  E a r t h  

Resources: See above  

Trash: 

- Volune: The actual chamber s i z e  i s  a b o u t  1 0  cm on a s i d e ,  t h e  t o t a l  waste 
g a s  from the t i t a n  experiment w u 7 d  be IOGO cc o f  g a s  a t  0.2 inb or a b o u t  2 
cc o f  gas a t  STP. The 
gas i s  t yp ica l ly  3% methane a n d  97% nitrogen. 
experiments in which the  e n t i r e  volume o f  gas i s  pure hydrogen. 

Not m u c h .  Total mass of th i s  g a s  i s  2 milligrams. 
There might a l so  be 

Logistics/Resupply: see above 

Da ta  s y s t e m :  s e e  a b o v e  

Video: probably n o t  appl icabl e 
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M I S S I O N  REQUIREMENTS DATA BASE 

S A A X 3 0 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Entries i n  t h i s  d a t a  base a re  t o  be used only a s  a source o f  
i l l u s t r a t i v e  d e t a i l  a b o u t  the intended uses of  the  Space S ta t ion  
complex. The data  base by i t s e l f  cannot be used t o  i n fe r  a n  
aggregate performance envelope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NAME 
Pay1 oad element name 
Last u p d a t e  
Country of o r ig in  
Contact 

Phone number 
S t a t u s  

Gas/Grain Simulation Facil i t y  
100186 
USA NASA OSSA ( S A A X )  
L. Chambers, Code E B ,  NASA H Q  
3. Campbell, Code EL, NASA HQ 
(202)  453-1525/1608 

P1 anned 

FLIGHTS 

F1 igh t  Schedul e 
F l i g h t  Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Equipment u p  1 2 2 2 2 2 0 0 0 0 
Equ i  p e n t  down 0 2 2 2 2 2 1 0 0 0 
Operational days 0 0 0 0 0 0 0 0 0 0 
O T V  f l i g h t s  0 0 0 0 0 0 0 0 0 0 
Early f l i g h t s  0 0 0 0 0 0 0 0 0 0 
Late re turn  

Objective 
Study the  interactions-chemical a n d  physical-among pa r t i c l e s  a n d  gases in 
order  t o  examine a n d  quantify the conditions of  or igin a n d  evolution of  
biogenic elements a n d  compounds a n d  o f  gra ins  a n d  aggregates of  s i l i c a t e s ,  
oxides ,  a n d  o ther  minerals which now comprise the so la r  system. The da ta  
would increase our understanding o f  the o r ig in  of smal 1 bodies (comets , 
a s t e r o i d s ,  p ro toplane ts ) ,  the formation and evolution of biogenic 
ma te r i a l s  ( e s p e c i a l l y  e f f ec t s  of c a t a l y s i s ) ,  a n d  pa r t i c l e  dynamics. 

Description 

The f a c i l i t y  i s  a chamber i n  which experiments a r e  conducted, s u p p o r t  
equi p e n t  (control  , measurement , e l e c t r o n i c s ) ,  and storage space.  In 
general t h e  e rpe r i r en t s  involve p? a c i n g  grains  or a5;recjates i n t o  the 
c h a m b e r  W i t h  v a r i o u s  3 a s e s  u n d e r  v a r i o u s  tmpera tu res  2nd pressuros,  Tho 
physical (aggregation/disruption, c o n d e n s a t i o n / e v a p o r a t i o n )  a n d  chemical 
changes would be monitored (opt iona l / spec t ra l  observation) as  a function 
o f  time. Sample would be recovered f o r  chemical and  petrologic ana lys i s ,  
a n d  video a n d  d i g i t a l  d a t a  would record t h e  experiment. Par t ic les  a n d  
aggregates of  i c e s ,  dus t ,  a n d  1 iquids would be s t a r t i n g  mater ia l s .  
Experiments w o u l d  include nucleation from the vapor,  g r a i n  aggregation, 
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gas-grain reac t ion ,  and  disaggregat ion by low ve loc i ty  p r o j e c t i l e  o r  by 
gas flow. The chamber and  s u p p o r t  hardware would remain on-s ta t ion  f o r  
several years.  Experiment spec i f i c  hardware would be c h a n g e d  o u t  a s  
needed, nominal once every s ix  months. 
rem0 t e l  y . Most experiments c a n  be operated 

Type/ Scal e 

Type Number 2 
Importance o f  Space S t a t i o n  9 
Non-servicing DWV f l  i gh t s  ( p e r  year) 0 
Add Resources Yes 
Resource Reference S A A X  3 08 

Orbit 
Any Orbit  

Special Considerations ( O r b i t )  : 

Speci a1 Consideration ( Pointing/ Ori e n t a t  i o n )  : 

Po i n t i n g / Or i e n t a t i o n 
Any P o i n t  

Power SAAX308 
*AC 

burs  Per b y  (Operating) 24.00 

Frequency (HZ)  60.00 

Operating ( K W )  Nom i nal 2.00 

Voltage Nominal 110.00 

Peak ( K W )  Nominal 20.00 
bu r s  Per Day (Peak) 0.10 
S t a n d b y  Power ( K W )  0.50 

*DC 

b u r s  Per Day (Operating) 24.00 

Peak  ( K W )  Nominal 5.00 

S tandby  Power ( K W )  0.50 
(Non Operations: Periods) 

Special Considerations (Power): 

(Non Operational Periods) 

Operating ( K W )  Nominal 1 .00  

Voltage Nom i n a 1 28.00 

Hours Per Day (Peak) 0.10 

Low voltage,  high cur ren t  power i s  needed fo r  heaters .  Various 
optical  detectors  a n d  d a t a  acquis i t ion  systems will run for  2-10  
hours. 
camera; duration i s  seconds t o  minutes. 

Peaks a re  associated with lamps, l a s e r s ,  or  h i g h  speed 

Thermal 
*Active 
Teraerature,  Deg C Operational F?in 0.59 Fzx  LC. @? 

Non-Operational Min 100.00 Max 100.00 
Heat Rejection, KW Operational Min 3.00 Max 25.00 

Non-Operational Min  0.50 Max 0.50 



*Passive 
Temperature, Deg C Operational Min -0.00 Max -0.00 

Non-Operational Min -0 .00  Max -0 .00 
Heat Reject ion,  KW Operational Min -0 .00  Max  -0 .00  

Non-Operational Min -0.00 Max -0.00 

j 

Special Considerations (Thermal ) :  
Conditions ins ide  the chamber include volumes a t  temperatures a s  low 
a s  4K and as h i g h  as 2500K. In a l l  cases observation a n d  d a t a  system 
will need t o  be maintained w i t h i n  +/-20 degree C o f  room temperature. 
Max heat r e j ec t ion  of  25KIJ i s  f o r  minutes o r  l e s s .  

Da t a /  Commun i c a t i on s 
Onboard  d a t a  processing required Yes 
Description: 

Onboard s torage  (MBIT) 
Stat ion da ta  required : 

Communication L i n k s :  

Video, d a t a ,  a n d  experiment conditions need t o  be recorded and/or 
t r a n s  . 
Accelerations information i n  3-dimensional space. 

A. 
B. 
C. 
0. 
E.  
F. 
G. 

A .  
B .  
C. 
D. 
E. 
F. 
G. 

From: S ta t ion  
To : Ground 

Generation Rate ( K B P S )  
Duration (Hours) 
Frequency (Per Day) 
Delivery Time (Hours) 
Securi ty  (Yes/No) 

In t e rac t ive  (Yes/No) 
Re1 i ab i l  i t y  ( X )  

From: Ground 
To : S t a t i o n  

Generation Rate (KBPS) 
h r  a t i  on  (Hours) 
Frequency (Per Day) 
Del ivery Time (Hours) 
Security (Yes/No) 

In te rac t ive  (Yes/No) 
Re1 iab i l  i t y  ( %  1 

Digitai  
Data 

1.00 
1.00 

24.00 
1.00 

No 
90.00 
No 

Digital 
Data  

1.00 
0.25 
1.00 
1.00 

No 
90.00 
No 

vi d eo 
Data 

1.00 
1.00 

24.00 
1.00 

No 
90.00 
No 

Video 
Data  

0.00 
0.00 
0.00 
0.00 

0.00 
No 

No 

11- : - - vu I L e  

0.50 
1.00 
0.00 

No 
90.00 

Yes 

Voice 

N A  
0.50 
1.00 
0.00 

No 
90.00 

Yes 

Comment (Data/Communications) : 
Remote operation o f  some experiments i s  possible a n d  des i r ab le ,  b u t  will  
require  the  continuous transmission o f  video a n d  d i g i t a l  d a t a  while t he  
experiment i s  operating (several  days a t  a t ime).  Crew in t e rac t ion  a n d  
recording c a n  be used t o  reduce the  need fo r  cortinuous d a t a  transmission. 

Equi pnent 
Pressurized modul e code 1 
Shared f a c i l  i t i e s  
E q u i  pnent 1 ocation 1 egend 
1. Internal /pressurized 3. External /attached/unpressurized 
2. External/attached/pressurized 4. Free f l y e r  (remote) 
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Equipnent Location 
1 2 3 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dimensions ( M )  
Length 2.00 
W i d t h  or Diameter 2.00 
Height ( o r  blank) 1.00 , 
Volume ( CU.  M. ) 4.000 

Leng th  2.00 I 
W i d t h  or Diameter 2.00 
Height ( o r  blank) 1.00 

I P k g .  Vol. ( C U .  M . )  4.000 
L a u n c h  Mass (KG) 200.00 
Accel. Max ( G )  .0000100 
Equipnent Location Legend , 
5. Free Flyer (Contact-Name-Orbiting) I 

6. 28.5 Degree Platform 
7. Sun Sync/Polar Platform 

Equipment Location , 

, 

Pkg .  Dimension (M) 

I 

5 6 7 

Dimensions ( M )  
L e n g t h  
Width  or Diameter 
Height  ( o r  b l a n k )  
Volme ( CU. M. ) 

Pkg. Dimension ( M )  
Length 
Width  or Diameter 
Height ( o r  blank) 
P k g .  Vol. ( C U .  M.) 
Launch Mass ( K G )  
Accel. Max ( G )  

Attach Points 1 
Set Up Code: 

Hardward Description: 
As s em bl y 

A chamber within an  enclosure. The chamber i s  equipped with several  
axial a n d  radial  ports a n d  wi'ndows. Vacuum pumps and cryogenic 
cool i n g  a r e  provided. Cameras nephelometers spectrometers,  1 a se r s  
a n d  h i g h  i n t ens i ty  l i gh t ing  comprise the  monitoring a n d  data  
acquisit ion system. 

Crew 
T a s k :  

Period (Days) 7.00 
I V A  to ta l  crewtime ( M H R )  5.00 

I n t e g r a t i o n  o f  components checkout sample preparations.  

E V A  PRODUCTIVE C R E W  TIME ( M H R )  0.00 
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CI-SKILL-TYPE 1 2 3 4 5 6 7 

1 C I - S K I L L - L E V E L  
TASK T R A I N A B L E  0 0 0 0 0 0 1 

, T E C H N I C  I A N  0 0 1 0 0 0 0 
PROFESS I O N A  L 0 0 0 0 0 0 0 

I 
1 IVA CREW TIME PER DAY ( M H R )  1.00 

*DAILY OPERATIONS 
TASK: 

I EXPERIMENT PREPARATION, MONITORING, SAMPLE C O L L E C T I O N ,  C L E A N U P .  

! 

I Professional 0 0 0 0 0 0 0 

CD-SKILL-TYPE 1 2 3 4 5 6 7 

CD-S KI LL-LEVEL 
TAS K TRAINABLE 0 0 0 0 0 0 1 
T E C H N I C  IAN 0 0 1 0 0 0 0 

I 
I 

*Per i od i c Opera t i  on s 
Task:  

Maintenance, Modification of  Experiment. 
I V A  occurrence in te rva l  (days)  7.00 
Crew time/ occ ur ence 1.00 
E V A  occurrence in te rva l  (days)  0.00 
Productive crew time/occurrence ( M H R )  0.00 

CP-SKILL-TY PE 1 2 3 4 5 6 7 

C P - S K I L L - L E V E L  
Task Trainable 0 0 0 0 0 0 1 
Tec h n  i c i a n 0 0 0 0 1 0 0 
Pro f e  s s  i o nal 0 0 1 0 0 0 0 

*Teardown a n d  Stow 
Task: 

Stowage o f  experiments ( fo r  return or  on-orb i t  stowage), s e t  u p  f o r  
ex P 

Period (days) 180 
IVA to t a l  crewtime ( M H R )  5.0 
E V A  productive crew time ( M H R )  0.00 

CS-SKILL-TY PE 1 2 3 4 5 6 7 

CS-S K I L L - L E V E L  
Task Trainable 0 0 0 0 0 0 1 
Tec h n  i c i a n 0 0 0 0 1 0 0 
Pro fe s s i o n a l  0 0 0 0 r! 0 ? 

Comments ( Crew) : 
The f a c i l i t y  once setup remains for several  years w i t h  various 
experiments switched i n  a n d  o u t  every 90 t o  180 days .  
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Servicing 
Interval (Days) 90 
Cons mab1 e s  : 
Type - 
Weight (KG) 2.00 
Return ( K G )  2.00 
Vol m e  Up ( C u b i c  Meters) 1.000 
Volune Down (Cubic Meters) 1.000 
Power (KW) 0.000 
Hours for  power 0.00 
E V A  hours per service 0.00 
Typical tasks ( E V A )  - 
IVA hours per service 1.00 
Location o f  servicing 
Typical tasks  ( I V A )  - 

Unpack mater ia ls  and  supplies and Stow, pack used mat./records f o r  

Special considerations ( se rv i c ing )  : 
Sample may be f r a g i l e  a n d  requi re  special  packing f o r  protect ion.  

Interval (days) 180 
Change-out equi p e n t :  
Type - 
Weight ( K G )  100.000 
Return ( K G )  100.00 

Vol m e  down (cubic meters) 
Power (KW) 0.000 
Hours for power 0.00 

Mater ia ls ,  Film, Videotape 

Loc a 1 

r e t  . 
Configuration changes 

Change out of chamber a n d  monitoring equipnent. 

Volune u p  (cubic meters) 4.000 
4.000 

E V A  hours per change 3.00 
Typical tasks ( E V A )  - 

IVA hours per  change 5.00 
Location of  change Local 
Typical tasks ( I V A )  - 
Special considerations (config.  changes):  

Remove from orb i tor  a n d  t r a n s f e r  t o  s t a t i o n .  

Remove and pack pr ior  experiment, i n s t a l l  new system 

These are  h i g l y  var iab le ,  r a n g i n g  from a change o u t  o f  mater ia i s  a n d  
sensors (very l i k e l y  serv ic ing)  t o  a complete change out  of  t h e  
experiment chamber w i t h  a d i f f e r e n t  type. 
l a rges t  case.  

Con t ami na  t i on-  

D a t a  above r e f e r s  t o  the 

Special notes 

Dust a n d  par t icu la tes  a r e  used, a s  a r e  small quant i t ies  o f  
v a r i o u s  g ? s e s  (CC, C O 2 ,  F2 ,  C H d ,  HE,  NP?, p t c . 1 .  Scce 
e r ; e r i r , e p t s  need  very  !ow h r i d i t y .  

B o t h  pressures (1  A T M )  a n d  vacuum wil l  need t o  be maintained f o r  
u p  t o  30 days. 

Par t iculates  a n d  f l u i d s  i n  highly dispersed s t a t e s  will  need t o  
be hand1  ed. 

Structure s -  

Material s-  



Rad i a t i o n - 
w i l l  b e  needed. 
S a f e t y -  

Some exper iments  m i g h t  be i n f l u e n c e d :  

Some exper iments  use l o w  v e l o c i t y  p r o j e c t i l e s :  Others  use 
gases, and o t h e r s  use h i g h  temperatures.  

Need approx ima te l y  a s i n g l e  rack f o r  s u p p l i e s  and spares. The 
v a r i o u s  exper iments  m i g h t  be s to red  e x t e r n a l l y  on -o rb i  t r a t h e r  
t h a n  re tu rned .  

Opt i ca 1 w i  ndow - 
None known. 

S c i e n t i f i c  a i r l o c k -  
None known. 

Te t he r - 
None known. 

Vacuum v e n t i n g -  
Most exper iments  need a vacum source  (10E-9 ATM). Gases used 
i n  some exper iments w i l l  need t o  be vented  a t  t h e  t e r m i n a t i o n .  

Other-  
Some s a m p l e  and e x p e r i m e n t  products may be so f r a g i i e  t h a t  
o n - o r b i t  p r e p a r a t i o n  and a n a l y s i s  w i l l  be  needed. F l u i d  
h a n d l i n g  and s t o r a g e  o f  i c e s  w i l l  be r e q u i r e d .  

M o n i t o r i n g  o f  r a d i a t i o n  

Storage- 
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C H A P T E R  2 

C O S M I C  D U S T  C O L L E C T I O N  
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INTRODUCTION 

The term "cosmic dust" i s  applied t o  e x t r a t e r r e s t r i a l  pa r t i c l e s  o f  l e s s  t h a n  1 
mm i n  diameter. Observational a n d  theore t ica l  evidence ind ica tes  t h a t  they 
a re  derived predominantly from comets a n d  a s t e r o i d s ,  b u t  i n t e r s t e l l a r  g r a i n s  
should also be present. 

I 
I 

I 

Comets a n d  a s t e ro ids  a r e  expected t o  preserve 
I 
I evidence of physical and chemical processes i n  the  e a r l y  so l a r  system; t h i s  

information will  provide c r i t i c a l  boundary condi t ions f o r  the formation o f  I 

p lanets a n d  t he  evolution o f  l i f e .  
information a b o u t  p r e s t e l l a r  nebulae or o ther  evolutionary s tages  o f  o the r  
so l a r  systems, a n d  may provide c r i t i c a l  tests o f  cur ren t  as t rophysical  
t h e o r i e s ,  including those re la ted  to  nucleosynthesis. 

I n t e r s t e l l a r  pa r t i c l e s  may o f f e r  s imi l a r  I 

I 

( 
I 

I f  t he  capabi l i ty  were emplaced t o  capture i n d i v i d u a l  p a r t i c l e s  i n  near-Earth 
o r b i t  and to  measure simul taneously t h e i r  t r a j e c t o r i e s  w i t h  s u f f i c i e n t  I 

I prec is ion ,  t h e i r  astrophysical sources m i g h t  be reconstructed.  S igni f icant  I 

information on a nunber of  primitive parent bodies may be obtained. 
sampling o f  these sources v i a  dedicated sample re turn  missions will  be 1 imited 

- -  a t  best - -  t o  a comparatively small nunber of  bodies. The cumulative I I 

p a r t i c l e  f l u x  of cosmic d u s t  from a l l  sources combined i s  f a i r l y  well I 

1 established a n d  known t o  be extremely small. As a consequence, cosmic dust  

with long exposure times t o  de t ec t  s t a t i s t i c a l l y  s i g n i f i c a n t  nmbers  o f  

p a r t i c l e s .  Under these c o n s t r a i n t s ,  the Space Station emerges as  a highly 

Direct 
I 

1 
I s tudies  i n  near-Earth o r b i t  require  inherent ly  la rge  surface areas  combined q 

I 

sui  t a b 1  e platform. I 

In o r d e r  t o  assign t o  each p a r t i c l e  a spec i f i c  astrophysics; source, i t  i s  

necessary t o  precisely determine t h e i r  geocentric o rb i t s .  This requirement 
mandates t h a t  the p a r t i c l e  co l l ec to r  a n d  t r a j e c t o r y  measurement sensors be 
placed i n  low Earth o r b i t .  Assignment of astrophysical sources i s  n o t  
possible  a f t e r  severe modification of the i n i t i a l  t r a j ec to ry  by atmospheric 
d ra? .  For exanple, p a r t i c l e s  collected in the a t m s c + e r e ,  deep s e ?  s e d i F e n t s ,  

o r  a n t a r c t i c  ice c a n n o t  be d i r e c t l y  associated w i t h  t h e i r  parent ob jec ts .  
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I t  i s  therefore  proposed t o  i n s t a l l  a Cosmic Dust Collection F a c i l i t y  on  Space 
S t a t i o n .  This f a c i l i t y  will incorporate sensors f o r  determining p a r t i c l e  
t r a j e c t o r i e s  a n d  will  deploy capture  media t o  recover the p a r t i c l e s  i n  a form 
s u i t a b l e  f o r  de ta i led  physical,  chemical, a n d  i s o t o p i c  analyses i n  
s t a t e - o f - t h e - a r t ,  t e r r e s t r i a l  1 aborator ies .  Deceleration a n d  nondestructive 
capture o f  hypervelocity p a r t i c l e s ,  whose spec i f i c  k ine t ic  energies exceed 
those needed f o r  me1 t i n g  and vaporization, i s  a fundamentally d i f f i c u l t  task. 
tbwever, capture o f  i n t a c t  fragments seems f e a s i b l e ,  a n d  e f f i c i e n t  t r a p p i n g  of 
v a p o r s  can a l s o  be accomplished. This i s  the reason why two experimental 
t rapping mechanisms are  advocated t h r o u g h o u t  th is  repor t :  a )  porous, foamy 
target  media fo r  fragment capture a t  modest impact v e l o c i t i e s ;  and b) 
e f f i c i e n t  t r a p p i n g  a n d  concentration o f  vapors a t  h i g h  v e l o c i t i e s  v i a  
sequent ia l ly  stacked f o i l s ,  known a s  a "capture c e l l  .'I B o t h  capture  
mechanisms may use the  same t r a j e c t o r y  sensors. 

To f i r s t  order ,  the  cosmic d u s t  f lux i s  i so t ropic  a n d  i t  follows t h a t  a cosmic 
d u s t  f a c i l i t y  must expose surfaces  of  d i f f e r e n t  viewing d i r ec t ions ,  preferably 
scanning the e n t i r e  sky. Total sur face  area per v i e w i n g  d i rec t ion  should be a 
few square meters. A cube-shaped s t ruc tu re  of some 3 x 3 x 3 m can s a t i s f y  
these and other experimental cons t ra in ts .  Figure 1 i 11 us t r a t e s  a conceptual , 
representa t ive  design fo r  cosmic d u s t  capture on Space S t a t i o n .  

The curnu1 a t ive  mass-frequency d i s t r ibu t ion  a n d  flux o f  cosmic dust pa r t i c l e s  
a r e  i l l u s t r a t e d  i n  Figure 2. While par t ic les  of  a l l  masses a r e  o f  principal 
i n t e r e s t ,  current analyt ical  techniques combined with current  capture  
technologies make i t  des i rab le  t o  optimize the co l l ec to r  performance for 
p a r t i c l e s  approximately 1O-Il-g a n d  larger .  This leads t o  a few impact events 
per m /year only and  i t  becomes operat ional ly  des i rab le  t o  subdivide the  l a rge  
c o l l e c t o r  surfaces i n t o  arrays of i den t i ca l ,  b u t  physically small ,  subuni ts .  
Only a (small)  f rac t ion  of  these subuni t s ,  termed Orbital Retrieval Units 
( O R U ) ,  wil l  have to  be harvested o n  occasion f o r  r e t r i eva l  a n d  ana lys i s  of the 
p r o j e c t i l e  rssidue. The harvested s u b u r i t s  would b e  replaceC by p r i s t i n e  
c o l l e c t o r s .  idea l ly ,  the  t r a j e c t o r y  sensors would be mechanically, 
e l e c t r i c a l l y ,  a n d  e l ec t ron ica l ly  separa ted  from the  capture  device,  such t h a t  
only the  actual capture medium has t o  be re t r ieved.  

2 
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F i g u r e  1: Conceptual sketch of  an t ic ipa ted  Cosmic Dust F a c i l i t y  on 
Space Stat ion.  A cubic le  s t ruc tu re ,  approximately 3 x 3 x 3 m, 
exposes some 9m2 i n  each of 5 viewing d i r e c t i o n s .  These sur faces  a r e  
s u b d i v i d e d  i n t o  arrays of smaller s u b u n i t s  t h a t  may be removed d u r i n g  
periodic E V A s  f o r  re turn t o  E a r t h ;  only those units w h i c h  a c t u a l l y  
were impacted will  be harvested a n d  replaced w i t h  new units.  The 
t r a j ec to ry  sensors must c l e a r l y  be located i n  f ron t  of t he  capture  
devices t o  determine orb i ta l  parameters pr ior  t o  capture. 
Anticipating t h a t  the t r a j ec to ry  sensors will n o t  be p a r t  o f  t h e  
capture u n i t s ,  re t r ieva l  o f  the  co l l ec to r s  will  have t o  occur from 
the  rear, t he  reason why the  la rge  cube faces  accommodating t h e  
detectors  a r e  shown t o  be hinged. 

These considerations combine in to  f ac i l  i t y  perfonnance requirments t h a t  may 
2 be summarized as follows: a )  some 4 5  m of  t o t a l  surface area will  be exposed 

a n d  d i f fe ren t  viewing d i rec t ions  will  be necessary; b )  these 1 arge surface 
areas  will be occupied by arrays of ORUs; c )  a f r ac t ion  of t he  ORUs will  be 
re t r ieved  a t  periodic in t e rva l s  a n d  new u n i t s  will  replace the harvested ones; 
d )  t w o  p r i n c i p a l  tyDes  G f  $?US are  c o p t e s p l a t e d ,  o n e  c o n s i s t i n g  o f  

porous-foamy capture media, the  other  of capture  c e l l s .  Their geometries a n d  

design will be such t h a t  the  2 types of  c o l l e c t o r s  a re  interchangeable;  e )  
each detector will  be equipped with t r a j e c t o r y  sensors  t h a t  - -  i d e a l l y  -- a r e  
not a n  integral p a r t  o f  the  capture device a n d  t h a t  will therefore  not be 
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Figure 2: The cunul a t i v e  mass-frequency d i s t r i b u t i o n  and associated 
f l u x  of micrometeoroids according t o  the summary o f  Grun  e t  a l .  
(1985). 

harvested a n d  replaced; f )  operation o f  the f a c i l i t y  includes E V A s ,  continued 
access t o  power a n d  Space S t a t i o n  navigational d a t a ,  a n d  the use o f  STS f o r  
t ranspor t  o f  re t r ieva l  a n d  rep1 acement parts. These requirements necess i ta te  
a n  attached payload c l a s s  f a c i l i t y  for  the Space Station t h a t  i s  accessible  t o  
qual i f ied researchers a n d  t h a t  i s  s u f f i c i e n t l y  f l e x i b l e  to  accommodate a 
va r i e ty  o f  inst runent  designs w i t h i n  a standardized envelope establ ished for  

the O R U s .  
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RATIONALE FOR EXOB IOLOGY EXPERIMENTS 

Cosmic dust ,  or in te rp lane tary  d u s t  p a r t i c l e  (IDP), co l l ec t ion  requi res  l a rge  
co l lec t ion  surfaces a n d  long exposure times t h a t  may be achieved w i t h  the  
completion o f  the  Space Stat ion.  Collected IDPs could then be studied t o  
1 earn a b o u t  formational processes of  a s t e r o i d s  a n d  i n t e r s t e l l a r  sol i ce s .  ~ 

I IDPs a r e  samples o f  pr imit ive mater ia l s  t h a t  have recent ly  been l i be ra t ed  from 
comets and as te ro ids ;  a minor f r ac t ion  o r ig ina t e s  from the contemporary 
i n t e r s t e l l a r  medium. The r e l a t i v e  cont r ibu t ions  o f  these  d ive r se  
astrophysical sources are poorly character ized a t  present ,  b u t  a s t a t i s t i c a l l y  
s ign i f i can t  pa r t i c l e  population will  contain samples formed under physical and 
chemical s e t t i ngs  unl i ke those represented by e x t r a t e r r e s t r i a l  mater ia l  s 
cu r ren t ly  avai lable  for .analysis .  The l a t t e r  l a rge ly  r e f l e c t  processes i n  t he  
inner solar system, including planet formation, d i f f e r e n t i a t i o n ,  and sur face  
evolution. 

I 

, 
I 

I 

I 

Laboratory s tudies  on  IDPs recovered from the  s t ra tosphere have shown t h a t  the 
p a r t i c l e s  a r e  complex, heterogeneous assemblages of  c rys ta l1  ine  a n d  amorphous 
phases t h a t  r e f l ec t  a wide d i v e r s i t y  o f  formational conditions.  The 
elemental, i so topic ,  a n d  mineralogic c h a r a c t e r i s t i c s  of  some p a r t i c l e s  a r e  
consis tent  w i t h  a n  o r i g i n  from the same parent bodies t h a t  produced the I 
various meteorite c lasses .  Many of  the p a r t i c l e s ,  however, a r e  c l e a r l y  n o t  I 

derived from t h e  solar  system objects  t h a t  spawned fragments l a r g e  a n d  strong 
enough  t o  become conventional meteori tes .  

I 

I 

I 

I 

I 
1 

- The components i n  many IDPs may have or iginated as s t e l l a r  o r  nebular 
condensates, i n t e r s t e l l a r  d u s t ,  a n d / o r  i n t e r s t e l l a r  or nebular molecules ; they 
may a l so  be the products of  parent-body processes such a s  the  reworking of 
sur face  deposits.  The study o f  in te rp lane tary  dust  col lected i n  t he  
s t ra tosp9ere o r  i n  space enhances t h e  understan5inl o f  ccmets, a s t e r o i d s ,  a n d  

the  ear ly  so la r  system on  one h a n d ,  a n d  po ten t ia l ly  increases knowledge o f  the  
i n t e r s t e l l a r  medium o n  the other .  Therefore, general s tud ies  of  IDR have 
h i g h  s c i e n t i f i c  i n t e re s t  fo r  N A S A  programs i n  so la r  system explora t ion ,  
astronomy, as t rophysics ,  a n d  exobiology; t h e  instrumentation contempl ated will 
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L 
I 

a l s o  c o n t r i b u t e  t o  a b e t t e r  unders tand ing  o f  t h e  n a t u r e  and e v o l u t i o n  o f  
f i n e - g r a i n e d  o r b i t a l  d e b r i s .  

C o l l e c t i o n  o f  cosmic d u s t  p a r t i c l e s  i n  space p rov ides  severa l  un ique  

c a p a b i l i t i e s  i n  r e l a t i o n  t o  c o n v e n t i o n a l  IDPs c o l l e c t e d  a s  m i c r o m e t e o r i t e s  i n  

t h e  s t ra tosphere .  

sources r e q u i r e s  measurement o f  t h e  v e l  o c i t y  and o r b i t a l  t r a j e c t o r y  e l  ements 

p r i o r  t o  e n t r y  i n t o  t h e  E a r t h ' s  atmosphere. Recons t ruc t i on  o f  t h e  source  area  

i s  p o s s i b l e  o n l y  v i a  i n  s i t u  measurements on spacec ra f t .  Moreover, c o l l e c t i o n  

i n  E a r t h  o r b i t  w i l l  e l i m i n a t e  any  atmospheric s e l e c t i o n  e f fec ts .  It i s  

p o s s i b l e  t h a t  t h e r e  a r e  c lasses  o f  v o l a t i l e - r i c h  or v e r y  porous, f r a g i l e  

p a r t i c l e s  t h a t  can be c o l l e c t e d  o n l y  i n  space. 

The a s s o c i a t i o n  o f  p a r t i c l e s  w i t h  known a s t r o p h y s i c a l  

pie great :r, -I-- , 4.. ,-A * r - - L  --^a 
i i i c .c rc36  i i i  aiiu iiilpur CaiiLe o f  i"uS t o  exW'ii010~~y stems f r o m  t h e  

p o t e n t i a l  f o r  c o n t r i b u t i o n s  toward  e l u c i d a t i o n  o f  t h e  c o m i c  h i s t o r y  o f  t h e  

b i o g e n i c  e lements t h a t  make up  a l l  l i f e  - -  C, H, N, 0, P, and S.  Three broad 

s c i e n t i f i c  i ssues  a r e  encompassed: 1) t h e  chemical and phys i ca l  phenomena 

i n v o l v e d  i n  t h e  p a t h  taken  b y  these  elements from nuc leosyn thes i s  t o  t h e i r  

i n c o r p o r a t i o n  as compounds and m i n e r a l s  i n  p r i m i a t i v e  s o l a r  system bod ies ;  2 )  
use o f  b i o g e n i c  elements i n  components as  probes t o  e l u c i d a t e  aspec ts  o f  s o l a r  

system fo rmat ion ;  and 3 )  p r o p e r t i e s  o f  these m a t e r i a l s  t h a t  may have 

i n f l u e n c e d  processes i n  t h e  o r i g i n  and e v o l u t i o n  o f  t h e  s o l a r  system. 

Cur ren t  a n a l y t i c a l  methods and approaches i n  t h e  i n v e s t i g a t i o n  o f  i n d i v i d u a l  

d u s t  p a r t i c l e s  can p rov ide  a w e a l t h  o f  i n f o m a t i o n  r e l a t e d  t o  t h e  
c o n c e n t r a t i o n  o f  elements ( e i t h e r  b u l k  o r  phase c h e m i s t r y ) ,  t h e  i d e n t i f i c a t i o n  

o f  m o l e c u l a r  spec ies ,  t h e  c h a r a c t e r i z a t i o n  o f  i s o t o p e s ,  t h e  d e t e r m i n a t i o n  o f  
p h y s i c a l  p r o p e r t i e s ,  and t h e  i n t e r p r e t a t i o n  o f  morphologic ,  t e x t u r a l ,  and 

o t h e r  p e t r o g r a p h i c  observa t ions .  The a n t i c i p a t e d  t r a j e c t o r y  i n f o r m a t i o n  can 
p l a c e  these r e s u l t s  i n t o  t h e i r  p roper  a s t r o p h y s i c a l  c o n t e x t ( s ) ,  a new and i n  

some i n s t a n c e s  unique aspec t  o f  e x t r a t e r r e s t r i a l  m a t e r i a l  s research .  

a c c - i s i t i o n  o f  s m p l e s  i n  E a r t h  o r b i t  w i t h o u t  sone d e ; r ? ? ? t i o p  i s  d i f f i c u l t  t o  

e n v i s i o n  a t  p resen t ,  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  above i n f o n n a t i o n  may a l s o  
be e x t r a c t e d  from captured  res idues .  While r e t r i e v a l  o f  unmel ted  f ragments 

appears p romis ing  and h i g h l y  d e s i r a b l e ,  va luab le  f i r s t - o r d e r  geochemical and 

Whi le  
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i so topic  information may s t i l l  be obtained on a pa r t i c l  e-by-particl  e bas i s  
from condensed vapors. 

We a r e  thus confident t h a t  a dedicated cosmic d u s t  f a c i l i t y  on b o a r d  the Space 
S t a t i o n  wil l  make s u b s t a n t i a l  cont r ibu t ions  toward  answering the  f o l l o w i n g  
quest ions:  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

What re la t ionships  e x i s t  between comets, a s t e r o i d s ,  a n d  i n t e r s t e l l a r  
grains? 
Is there  d i v e r s i t y  among comets? 
Does p a r t i c l e  composition c o r r e l a t e  w i t h  the h is tory  o f  a comet's 
a c t i v i t y  i n  the inner solar system? 
What  f rac t ion  o f  i n t e r s t e l l a r  gra ins  came from carbon-rich stars a n d  
w h a t  f rac t ion  from those r i c h  i n  oxgyen? 
What  f rac t ion  o f  i n t e r s t e l l a r  gra ins  i s  processed and  e s s e n t i a l l y  
reformed i n  the i n t e r s t e l  1 ar medium? 

Are cometary sol ids  composed o f  nebular condensates or presol ar  
grains? 
What i s  the  organic chemistry o f  cometary and  i n t e r s t e l l a r  grains? 
How do the  na ture ,  abundance, a n d  d i s t r i b u t i o n  o f  biogenic elements 
i n  comets a n d  as te ro ids  impose bounds on apsects o f  s o l a r  system 
f o r m a t i o n ?  
How complex i s  t h e  organic chemistry o f  t h e  i n t e r s t e l l a r  gas phase? 
How were so l id  phases f ract ionated a n d  d i s t r ibu ted  among t h e  
primitive bodies? 
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S C I E N C E  OBJECTIVES 

EXOBIOLOGY 

E X - 1 .  Collect  cosmic dust pa r t i c l e s  i n  a fonn su i t ab le  for  ana lys i s  a n d  
i d e n t i f y  t h e i r  sources. IDPs represent primitive solar  system a n d  
i n t e r s t e l l a r  material s containing biogenic elements ( C , H , O , N , P , S )  a n d  
compounds (H20, C O  a n d  organics) .  They provide knowledge on the  

l i f e .  
I chemical and physi 2’ a1 evolution o f  the so l a r  system a n d  the o r i g i n  o f  
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COSMIC DUST FACILITY 
FACILITY DESCRIPTION 

Discipl ine:  P1 anetary Science/ Exobiol ogy 

Session T i t l e :  Cosmic Dust Fac i l i t y  

0 b j e c t i v e  : Support t h e  co l l ec t ion  o f  cosmic d u s t  grains  i n  a form 

su i t ab le  fo r  chemical, i so top ic  a n d  physical ana lys i s .  
Support t he  determination o f  individual cosmic d u s t  g r a i n  
mass, ve loc i ty ,  and t ravel  d i r e c t i o n ,  a l l  of which a r e  used t o  
determine p a r t i c l e  o r i g i n ,  i .e., a s t e r o i d a l ,  p lanetary,  , 

cometary, o r  i n t e r s t e l l a r .  

I 

I 

t 

Performance Requirements 

1. The f a c i l i t y  cons i s t s  o f  a frame, which will  support 4 5  t r a y s ,  each I 

t r ay  measuring 1 m x 1 m and containing 100 "orb i ta l  r e t r i eva l  un i t s"  

( O R U S  , defined el sewhere). 

2. Five d i f f e r e n t  viewing d i rec t ions  a r e  required,  each occupied by 9 
instrunent  t r a y s ,  ha1 f of which contain foam p a r t i c l e  c o l l e c t o r s .  
Viewing  d i rec t ions  must include: 
a .  Parallel t o  s t a t ion  ve loc i ty  vec tor  ( leading s i d e )  

b .  Anti-parallel  t o  ve loc i ty  vector  ( t r a i l i n g  edge) 
c. 
d .  

e.  

Perpendicular t o  ve loc i ty  vec tor  ( r i g h t )  
Perpendicular t o  ve loc i ty  vector  ( l e f t )  
Perpendicular t o  ve loc i ty  vec tor  (sky fac ing) .  

3. Trajectory sensors will be mounted onto th i s  frame, one d i r e c t l y  i n  
front o f  each O R U .  

4.  Self-contained e l ec t ron ic s  a r e  required t o  process the event d a t a  as  
described i n  the  a t tachnents .  



t 

5 .  A microcomputer  w i l l  be con ta ined  w i t h i n  t h i s  frame and connected t o  
each o f  t h e  t r a j e c t o r y  sensors.  

l o c a t i o n  and t i m e  o f  i m p a c t i n g  cosmic dus t  p a r t i c l e s  i n  r e a l  t i m e .  

Th is  computer w i l l  m o n i t o r  t h e  

Measurements/SamDl es 

The t r a j e c t o r i e s  o f  incoming p a r t i c l e s  need t o  be determined (i.e., 

v e l o c i t y  measurements and ang le  o f  impact between 2 (minimum) p lanes ) .  

Approx imate ly  200 events  per  90-day pe r iod  a r e  expected. The t ypes  o f  
measurements ob ta ined ,  and t h e i r  p rocess ing  -- i n c l u d i n g  i n t e r f a c e  w i t h  

t h e  Space S t a t i o n  t o  o b t a i n  t r a j e c t o r i e s  i n  a geocen t r i c  re fe rence  frame, 

a r e  desc r ibed  i n  an a t tachnen t .  

Sampie A n a i y s i s  ( i n -  or P o s t f i i g h t j  

D a t a  concern ing  each cosmic d u s t  p a r t i c l e  c o l l e c t i o n  event  w i l l  be 

downl inked t o  Ear th  v i a  t h e  Space S ta t i on .  

ExDeriment C o n t r o l s  

bt a p p l i c a b l e .  

Equipment 

1. 1 frame t o  h o l d  i n d i v i d u a l  OR%, measuring 3m2, and weigh ing  500  kg. 

2. 1 microcomputer,  0.2 kW, weighing 1 0  kg. 

3. 2 ORU s to rage  con ta ine rs ,  f o r  t h e  s to rage and t r a n s p o r t s  o f  OR%, 
measur ing 1 m x 1 m x 1.2 m ,  and weighing 2 5  kg each. 
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Step Description 

I 

See section e n t i t l e d  "Typical 90-Day Coll ect ion Scenario ,'I el sewhere. 

Experiment S i t e  I 

Exterior o f  Space S t a t i o n ,  a t  a posi t ion which i s  subjec t  t o  the m i n i m u m  
amount o f  par t i cu la t e  contamination a n d  minimal shielding by o the r  

S ta t ions ' s  e a r l y  man-tended phase, w i t h  the  f a c i l i t y  being moved t o  t h e  
upper boom when this s t ruc tu re  i s  completed. 

I - 
s t ruc tu res .  Recommend i n i t i a l  deploynent on the cross-beam during Space I 

I 

t 
I 
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PASSIVE COLLECTION VIA FOAM 
EX PER IMENT DESCR I PT IONS 

Discipline: Exobiol ogy/Pl anetary Science 

Session T i t l e :  Cosmic Dust Collector:  Passive co l l ec t ion  v i a  foamy or 
otherwise porous (low densi ty)  media f o r  nondestructive 
p a r t i c l e  decelerat ion and capture.  

Object i ve : Collect  cosmic d u s t  g ra ins  i n  a form su i t ab le  f o r  chemical, 
i so topic  a n d  physical analysis.  Determine i n d i v i d u a l  g r a i n  
mass, ve loc i ty ,  and t ravel  d i r e c t i o n ,  a l l  o f  which a r e  used t o  
determine p a r t i c l e  o r ig in ,  i .e., a s t e r o i d a l ,  p lanetary,  
cometary, n r  cnterste1 'I ar I 

Performance Reauirements 

1. The co l l ec to r  surfaces  will  consist  o f  approximately 4 5  ins t runent  
t r a y s ,  each t r a y  measuring 1 m x 1 m. 
the  foam p a r t i c l e  co l l ec to r s .  

Half o f  the t rays  will  contain 

2. Five d i f f e r e n t  viewing d i rec t ions  a r e  required,  each occupied by 9 
instrument t r a y s ,  ha1 f of which c o n t a i n  foam pa r t i c l e  co l l ec to r s .  
Viewing d i rec t ions  must include: 
a .  Parallel t o  s t a t i o n  veloci ty  vec tor  ( leading s i d e )  
b .  Anti-parallel  t o  ve loc i ty  vector ( t r a i l i n g  edge) 

c.  
d .  

e. 

Perpendicular t o  ve loc i ty  vector ( r i g h t )  
Perpendicular t o  ve loc i ty  vector ( l e f t )  
Perpendicular t o  ve loc i ty  v e c t o r  (sky fac ing) .  

3. Each instrument t r a y  will  be subdivided i n t o  "orbi ta l  r e t r i eva l  
un i t s"  (ORLls), t yp ica l ly  0.1 rn x 0.1 rn i n  surface a rea ;  t h u s ,  a t  101? 

O R U s  per instrument t r a y  there  w i l l  be 2250 ORUS o f  the foam 
co l l ec to r  type. 
f o r  long decelerat ion p a t h s ,  and therefore  the 1 east  des t ruc t ive  
p a r t i c l e  capture.  

Each ORU will be approximately 1 m deep, t o  allow 
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4. 

5. 

6. 

Each O R U  i s  equipped with a t r a j e c t o r y  measurement system, d e t a i l s  t o  
be determined, b u t  i t s  dimensions a n d  mass a re  included i n  t h e  
data/dimensions described el sewhere. 

1 

Each ORU weighs approximately 200 g a n d  requires  approximately 0.2 W 

DC for continuous operation ( t o t a l l i n g  4 5 0  k g  and 450 W ) .  

I 

Sel f-contained e lec t ronics  a r e  required t o  process event d a t a  as 
described in the at tachnents .  

Measurement s/SamDl es 1 

The t r a j ec to r i e s  of incoming p a r t i c l e s  need t o  be determined ( i . e . ,  
ve loc i ty  measurements and angle o f  impact between 2 ( m i n i m u m )  p lanes) .  
Approximately 200 events per 90-day period a re  expected. The types of  

I 

I 

measurements obtained, and t h e i r  processing -- including in t e r f ace  w i t h  
the  Space Stat ion t o  obtain t r a j e c t o r i e s  i n  a geocentric reference frame, I 

a re  described in an  attachment. I 
I 

Sample Analysis ( I n -  or Pos t f l i gh t )  

I 
J 

Approximately 100 o f  t h i s  t y p e  o f  O R U  w i l l  be changed o u t  every '90 days. 
No analysis will be performed a t  the  Space S t a t i o n .  All microanalytical  ~ 

1 

character izat ion will be performed i n  a t e r r e s t r i a l  laboratory.  

ExDeriment Controls 

Not appl icabl e. 

E q u  i pment 

1. 2450 ORUs, each measuring 0 . 1  rn x 0.1 rn x 1 IT, w e i g h i n g  200  g .  Each 
ORU consis ts  o f  a foam capture  mediun u n i t  w i t h  a handle a n d  snap-on 
device for  easy instal la t ion/removal .  ( 2 2 5 0  O R B  i n  the  instrument 
t rays ,  100 in the  ORU storage conta iner ,  a n d  100 fe r r ied  back a n d  
f o r t h  by the Space Shut t le . )  
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2. 2250 t r a j e c t o r y  sensors, each a t tached  t o  t h e  Cosmic Dust F a c i l i t y  

frame, d i r e c t l y  i n  f r o n t  o f  one ORU, and we igh ing  a p p r o x i m a t e l y  9 g 

each. 

S tep  D e s c r i p t i o n  

See s e c t i o n  e n t i  t l ed "Typ ica l  90-Day Col 1 e c t i o n  Scenar io  ,I' e l  sewhere. 

Exper iment  S i t e  

See "Cosmic Dust F a c i l i t y  Descr ip t ion . "  
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PASSIVE COLLECTION VIA SEQUENTIALLY STACKED FOILS ( C A P T U R E  C E L L )  
EXPERIMENT DESCRI PTIONS 

Discipline: Exobiology 

Session T i t l e :  Cosmic Dust Collector:  Passive c o l l e c t i o n  via  sequent ia l ly  
stacked f o i l  surfaces  fo r  p a r t i c l e  dece lera t ion  and capture .  

Objective: Col lec t  cosmic d u s t  grains i n  a form s u i t a b l e  f o r  chemical, 
i so top ic  and physical ana lys i s .  Determine individual g r a i n  
mass, v e l o c i t y ,  and t ravel  d i r e c t i o n ,  a l l  o f  which a r e  used t o  
determine p a r t i c l e  o r i g i n ,  i .e., a s t e r o i d a l ,  p lanetary,  
cometary, o r  i n t e r s t e l l a r .  

Performance Requirements 

1. 

2. 

3. 

The c o l l e c t o r  surfaces  will  consis t  o f  approximately 4 5  instrument 
t rays ,  each t r a y  measuring 1 m x 1 m. 
t h e  stacked fo i l  par t ic l  e co l l  ec tors .  

Half o f  the  t rays  will contain 

Five d i f f e r e n t  viewing d i rec t ions  a r e  requi red ,  each occupied by 9 
instrument t r a y s ,  ha l f  o f  w h i c h  contain capture  c e l l  p a r t i c l e  
co l lec tors .  Viewing d i rec t ions  must include: 
a .  Paral le l  t o  s t a t ion  ve loc i ty  vector  ( leading s ide)  

b. Anti-parallel  t o  ve loc i ty  vec tor  ( t r a i l i n g  edge) 
c.  
d .  
e. 

Perpendicular t o  ve loc i ty  vector  ( r i g h t )  
Perpendicular t o  ve loc i ty  vec tor  ( l e f t )  
Perpendicular t o  ve loc i ty  vector  ( sky  fac ing) .  

Each instrument t r ay  will be subdivided i n t o  "o rb i t a l  r e t r i eva l  
units" ( O R U s ) ,  t y p i c a l l y  0.1 m x 0.1 m i n  surface a rea ;  t h u s ,  a t  100 
OR'Js per instrunefit t r ay  there w i l l  be 2 2 5 0  ORds o f  the f o i l  capture 
Cell p a r t i c l e  co l l ec to r  type. Each O R U  w i l l  be approximately 0.1 rn 
deep. 
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4. 

5. 

6. 

Each ORU i s  equipped w i t h  a t r a j ec to ry  measurement system, d e t a i l s  t o  
be determined, b u t  i t s  dimensions and  mass a r e  included i n  the 
d a t a /  d imensions described el sewhere. 

Each ORU weighs approximately 200 g and requires  approximately 0.2 W 

DC f o r  continuous operation ( t o t a l l i n g  450 k g  and 450 W ) .  

Sel f-contained e l ec t ron ic s  a r e  required to  process event da ta  a s  
described i n  the  attachments. 

Measurements/SamDles 

The t r a j e c t o r i e s  o f  incoming p a r t i c l e s  need t o  be determined ( i .e . ,  
ve loc i ty  measurements and angl e o f  impac t  between 2 [minimum) pi anes) . 
Approximately 200 events per 90-day period a r e  expected. The types o f  
measurements obtained, and  t h e i r  processing -- including in t e r f ace  w i t h  
t he  Space Stat ion t o  obtain t r a j e c t o r i e s  i n  a geocentric reference-frame, 
a r e  described i n  an attachment. 

Sample Analysis (In- o r  P o s t f l i g h t )  

Approximately 100 of t h i s  type o f  ORU will be changed out every 90 days. 
No analysis  will be performed a t  the  Space Station. All microanalytical  
charac te r iza t ion  will  be performed i n  a t e r r e s t r i a l  laboratory.  

E x pe r i men t Control s 

Not a p p l  icable.  

Eaui Dment 

1. 2459 O R U s ,  e a c h  rneasur,,ig 0.1 rn x 0.1  m x 1 rn, w e i g h i c g  2 0 0  g. 

O R U  cons is t s  o f  a fo i l  capture cell u n i t  w i t h  a handle a n d  snap-on 
device for easy installation/removal.  (2250 O R &  i n  the  instrument 
t r a y s ,  100 i n  t h e  ORU storage container,  a n d  1 0 0  fe r r ied  back a n d  
f o r t h  by t h e  Space Shut t le . )  

E a c h  
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2. 2250 t r a j e c t o r y  SensorS, each attached t o  t h e  Cosmic b s t  F a c i l i t y  

frame, d i r e c t l y  i n  f r o n t  o f  one ORU, and weighing approximately 9 g 

each . 
Step Descr ip t ion  

See sect ion e n t i t l e d  "Typical  90-Day C o l l e c t i o n  Scenario ," e l  sewhere. 

Experiment S i t e  

See "Cosmic Oust F a c i l i t y  Descript ion."  



I 

C O S M I C  D U S T  C O L L E C T I O N  F A C I L I T Y  
0 NB OAR D PROCESS I N  G 

A l l  exper iments  on the  f a c i l i t y  w i l l  i n t e r f a c e  th rough a ded ica ted  computer. 

When an impact occurs ,  i n s t r u n e n t  measurements w i l l  be processed by t h e  

f a c i l i t y  computer and fo rma t ted  i n t o  an " impact  event  package" t h a t  i s  s t o r e d  

i n  t h e  main s t a t i o n  computer. 

p e r i o d i c a l l y  t r a n s f e r r e d  t o  t h e  c e n t r a l  Space S t a t i o n  computer f o r  

t r a n s m i s s i o n  t o  ground. Each " impact  event package" w i l l  c o n t a i n  processed 

i n s t r u n e n t  d a t a  t h a t  w i l l  p r o v i d e  t i m e  o f  impact ,  v e l o c i t y  o f  i n c i d e n t  

p a r t i c l e ,  p o s i t i o n  o f  impact w i t h i n  ORU ( t he reby  which O R U  has been impacted) 

and Space S t a t i o n  da ta  on t ime,  a t t i t u d e ,  o r b i t  p o s i t i o n ,  sun v e c t o r  and 

o r i e n t a t i o n .  Housekeeping and eng ineer ing  d a t a  from i n s t r u n e n t s  i n  t h e  

f a c i l i t y  w i l l  a i s o  be t r a n s m i t t e d  t o  ground on a p e r i o d i c  b a s i s ,  e.g., once 

p e r  week. b e  bkit o f  onboard s to rage  i s  r e q u i r e d  t o  s t o r e  da ta  p r i o r  t o  

t r a n s f e r  t o  the  Space S t a t i o n ' s  c e n t r a l  computer and t r a n s m i s s i o n  t o  ground. 

The g e n e r a t i o n  r a t e  o f  da ta  from s t a t i o n  t o  ground i s  equal t o  o r  g r e a t e r  t han  

0.1 Kbps. 

Th is  d a t a  ( s e v e r a l  event packages) i s  

Access t o  an i n t e r a c t i v e  v o i c e  l i n k  f rom s t a t i o n  t o  ground, and from ground t o  

s t a t i o n ,  i s  r e q u i r e d  on a i r r e g u l a r ,  i n f r e q u e n t  b a s i s  t o  pass r e a l - t i m e  
i n s t r u c t i o n s  t o  a s t r o n a u t s ,  o r  t o  r e c e i v e  r e a l - t i m e  i n f o r m a t i o n  f rom 

a s t r o n a u t s  r e g a r d i n g  t h e  f a c i l  i t y .  
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T Y P I C A L  9 0 - D A Y  C O L L E C T I O N  S C E N A R I O  

1. Space Station personnel receive a radio transmission from the  g r o u n d  
advising them which O R B  t o  replace.  
cm ( t h i r d  dimension will be e i t h e r  1 0  cm o r  100 cm, depending upon t ype )  
cosmic d u s t  co l lec t ion  units.  
Shuttle docking period, we recommend t h a t  O R U  changeouts be performed j u s t  
p r io r  t o  the v i s i t  by the  Shut t le .  
ground will  give the loca t ion  o f  each O R U  t o  be replaced. 

types o f  OR&:  type 1 O R l k  measure 0.1 m x 0.1 m x 0.1 m ,  and a r e  ca l l ed  
capture c e l l s ;  type 2 ORUs measure 0.1 m x 0.1 rn x 1 m ,  and a r e  c a l l e d  
foam col lec tors .  Up t o  100  o f  each type o f  c o l l e c t o r  will  be replaced a t  
t h i  s time. 

These a r e  the individual 1 0  cm x 1 0  

In order  t o  minimize work d u r i n g  the 

The l i s t  of ORUs received from the  
There a r e  two 

2. 100 o f  each type o f  unexposed c o l l e c t o r  a r e  stowed a t  the  Space S ta t ion  i n  
an ORU storage container.  
ORUS t o  be changed o u t ,  t o  the  cosmic d u s t  co l l ec t ion  f ac i l  i t y .  

A worker takes  t h i s  conta iner ,  a n d  t h e  l i s t  o f  

3. The s ides  of the  co l lec t ion  f a c i l i t y  a r e  hinged, allowing access  t o  t h e  
ins ide  o f  the f a c i l i t y  as well a s  the  inner surface of  each s i d e  o f  t he  
f a c i l i t y .  The ORUs a re  i n s t a l l e d  i n t o  each s ide  of  the  f a c i l i t y  from 
ins ide  ( inner  surface) .  Each ORU h a s  a l eve r  t o  hold i t  i n  place i n  the  
f a c i l i t y ,  a n d  a handle. 
expose the back s ide  o f  a l l  o the ORUs on t h a t  s ide  ( t h e r e  a r e  900 ORUs 

on each s ide ,  arranged i n t o  9 t r ays  each containing 1 0 0  O R U s ) .  

t o  the 1 i s t  of OR& t o  be rep aced, he removes each designated ORU, a n d  
replaces i t  with a n  unexposed ( p r i s t i n e )  ORU from the  O R I J  s torage 

container.  He may replace i t  with the same type o f  ORU which he removed, 
or  another type,  depending upon his  wri t ten ins t ruc t ions .  He places each 
old (exposed) ORU i n t o  the ORU s to rage  container  i n  place o f  the  ORU he 
h a s  j u s t  removed. He continues i n  t h i s  manner until  a l l  o f  the  ORUs on 
t h a t  p a r t i c u l a r  side o f  t h e  Ccsnic D u s t  Fzc i l i t y  have Seer:  re ; laced.  HF 

then closes the s i d e  ( l i k e  closing a d o o r )  a n d  proceeds t o  t he  next s ide  
o f  t h e  f a c i l i t y .  He continues in t h a t  manner until  a l l  designated ORUs 

have been replaced. 
container ,  I t  i s  labeled on the back w i t h  the  coordinates of  the  ORU, so 

The worker opens one s ide o f  the f a c i l i t y ,  t o  

According 

As each old (exposed) O R U  i s  placed into the s torage 

46 



I t h a t  on Earth i t s  posit ion within the  Cosmic h s t  Fac i l i t y  may be 
determined. 

4. When f in ished ,  the  worker has closed a l l  s ides  o f  the cosmic dust 

f a c i l i t y ,  a n d  closed the  d o o r  o f  the  ORU s torage container .  Allowing 1 
minute per O R U  changeout, elapsed t ime i s  approximately 4 hours. 
worker has  never touched the front  surface of  the  Cosmic Dust F a c i l i t y ,  
nor the f r o n t  surface o f  any o f  the O R U s .  

The I 

I 
I 

, 5. The worker re turns  the  O R U  storage container t o  i t s  storage posi t ion.  

6. The Cosmic Dust Fac i l i t y  passively c o l l e c t s  cosmic dust  pa r t i c l e s  a n d  
measures t h e i r  t r a j e c t o r i e s  2 4  hours a day, fo r  t h e  e n t i r e  90-day period 
between O R l l  changeout .  As each 

cosmic d u s t  g r a i n  encounters the f a c i l i t y ,  i t  f i r s t  penetrates the  
t r a j e c t o r y  sensor g r i d ,  which i s  a r r a y e d  i n  f r o n t  o f  a l l  exposed s ides  of  
the f a c i l i t y .  The onboard microcomputer senses t h e  locat ion and time o f  

p a r t i c l e  ve loc i ty  a n d  t ravel  d i rec t ion .  
transmitted t o  the Space S t a t i o n  computer, and  then transmitted t o  a 
ground-based 1 aboratory (approximately once per week). 
p a r t i c l e  continues t h r o u g h  the detection g r i d ,  a n d  i n t o  one o r  more OR&,  

where i t  i s  decelerated a n d  stopped. PIS on the  g r o u n d  use t h e  downloaded 
d a t a  from the Space S t a t i o n  t o  determine i n  which O R U ( s )  t h e  p a r t i c l e  

res ides .  A l i s t  o f  ORUs t o  be replaced i s  compiled from t h i s  information, 
a n d  t h i s  l i s t  i s  transmitted t o  t h e  Space S t a t i o n  personnel j u s t  prior t o  

This Q C C K S  i n  t h e  fcllc.i;:’ng maiiiier. i 
I 
I p a r t i c l e  penetration. From this d a t a ,  t h e  microcomputer computes the 

This d a t a  i s  per iodica l ly  

Meanwhile, the  
I 

I 
I 

l 

each scheduled O R U  changeout operation. 

I 

I 7 .  In a ground-based clean room new ( p r i s t i n e )  ORUs a r e  loaded i n t o  an  O R U  

storage conta iner ,  n o t  t o  be reopened prior t o  O R U  changeout a t  the  Space 
S t a t i o n .  I 

I 

This ORU s torage  c o n t a i n e r  i s  then loaded o n t o  t h e  n e x t  Space 
I 

S h u t t l e  for  ship-ent  t o  t h e  $Dace Station. 

8. When the Shut t le  docks a t  the Space S t a t i o n ,  a worker removes a new ORU 

storage container  ( c o n t a i n i n g  p r i s t i ne  O R U s )  from the  Shuttle cargo bay ,  i 
I 

l a n d  stows the old s torage container ( c o n t a i n i n g  exposed ORUs) i n  i t s  

I 
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I 

place.  
Stat ion i n  preparation for  t h e  next O R U  changeout, which will  occur in 
approximately 90 d a y s ,  i . e . ,  j u s t  p r io r  t o  the next Shut t le  v i s i t  t o  the 
Space Station. 

The worker then s t o r e s  t h e  new ORU s to rage  conta iner  a t  the  Space I 

I 

9.  won return o f  the old O R U  s t o r a g e  container  t o  a ground-based clean room 
f a c i l i t y ,  exposed ORUs a r e  removed f o r  examination. Captured cosmic d u s t  I 

I g ra ins  will be removed from the exposed ORUs, a n d  subjected t o  extensive 
charac te r iza t ion .  

I 

I 

I 
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MISSION R E Q U I R E M E N T S  DATA B A S E  

SAAX112 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Entries i n  t h i s  d a t a  base a re  t o  be used only a s  a source of  
i l l u s t r a t i v e  de t a i l  about the  intended uses of  the  Space S ta t ion  
complex. The d a t a  base by i t s e l f  c a n n o t  be used t o  i n f e r  a n  
aggregate performance envelope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I , 

NAME 
Payload element name 
Last update 
Country o f  or ig in  
Contact 

Phone nunber 
Status  

FLIGHTS 

F l i g h t  Year 1992 
Equipnent u p  1 
Equi  p e n t  down 0 

O T V  f l i gh t s  0 
Early f l  i g h t s  0 

Operational days 180 

Late return 

Cosmic Dust b l l  ect ion Experiment 
082886 
USA NASA OSSA ( S A A X )  
L. Chambers, Code E B ,  NASA H Q  
3. Campbell, Code E l ,  NASA H Q  
(202)  453-1525/1608 

P1 anned 

F1 i g h t  Schedul e I 

1993 1994 1995 1996 1997 1998 1999 2000 2001 I 
0 0 0 0 0 0 0 0 0 I 

0 0 0 0 0 0 0 0 0 I 

0 0 0 0 0 0 0 0 0 I 

0 0 0 0 0 0 0 0 0 I 

365 365 365 365 365 365 365 365 365 

I 

Objective I Determine the nature ,  abundance, d i s t r i b u t i o n  a n d  physical a n d  chemical I 
cha rac t e r i s t i c s  of in te rp lane tary  dus t  by re t r iev ing  such p a r t i c l e s ,  
accompanied by precise information o n  the t r a j ec to ry  of the impacting 
p a r t  i c l  e. 

I 

1 

De sc r i p t  i on  
The experiment i s  more accurately character ized as  a f a c i l i t y  f o r  the 
col lect ion and r e t r i eva l  o f  e x t r a t e r r e s t r i a l  material a n d  fo r  t h e  
measurement of the o rb i t a l  parameters associated w i t h  the  mater ia l .  I t  i s  
a modular system on which v a r i o u s  types of  co l l ec to r s  a n d  de tec tors  can be 
m o u n t e d .  
occupy each of t he  5 faces  of  a cubical s t ruc tu re .  Both passive a n d  
e lec t ronica l ly  a c t i v e  arrays a r e  planned. 
o f  t h e  s t ruc ture .  Collection i s  in c e l l s  located behind the a r rays .  
Mcdules  mnay bo u p  t o  1 m deep. Self-contained e lec t rcn ics  c g l l e c t  d a t a  C \ P  
iTnpact ( t ime,  d i r e c t i o n ,  a n d  v e l o c i t y ) .  
S t a t i o n  o r ien ta t ion ,  pos i t ion ,  a n d  time i s  per iodical ly  telemetered t o  
ground. Individual c e l l s  t h a t  have been impacted will be rout ine ly  
replaced a t  90-day i n t e r v a l s .  
for chemical, physical and petrographic analysis .  

The system i s  composed of un i t  modules (In! x lrn), 9 o f  w h i c h  

Power a n d  d a t a  buses a r e  p a r t  

This d a t a  coinbined w i t h  d z t a  o n  

Impacted c e l l s  will  be returned t o  E a r t h  
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Type/ Scal e 
Type nunber 2 
Importance of Space Station 1 0  
Non-servicing OMV f l  ights  (per  year)  0 
Pdd resources Yes 
Resource reference 

Orbit 
Any o r b i t  

Special considerat ions ( o r b i t ) :  
Require a n c i l l a r y  d a t a  from s t a t ion  concerning a t t i  tude 

Point ing/or ientat ion 
Hours -0 
T r u t h  s i t e s  
Pointing accuracy ( a r c  sec) -0.00 
P o i n t i n g  knowledge (a rc  sec)  - 0.00 
F i e l d  o f  view (deg) -0.0 
P o i n t i n g  s t a b i l i t y  r a t e  (a rc  sec / sec )  -0.000 
P o i n t i n g  z t a h i l  i t y  [arc sec)  -0,000 
Placement (a rc  s e c )  -0.000 
Spec i a1 consideration ( po i n t i  n g /  or i en t a  t i on) 

Require anc i l l a ry  data from s t a t i o n  concerning a t t i t ude /o r i en ta t ion .  
SS upper boom-end corner locat ion required.  

Power 
DC 
Operating (KW) - -  nominal 
burs  per day ( o r b i t i n g )  
Voltage - -  nominal 
Peak ( K W )  -- nominal 
Hours per day (peak) 
S t a n d b y  power ( K W )  

Special considerations (power): 

*Active 
Temperature, deg C Operational 

Heat r e j ec t ion ,  KW Operational 

Special considerations ( thermal ) :  

(No n-  o pera t i o nal period s)  

Thermal 

No n-o pera t i on  a 1 

No n-o pera t i o n  a1 

1.20 
24.00 
28.00 

1.20 
24.00 

0.00 

Min -10.00 Max 40.00 
M i n  -0.00 Max -0.00 
Mi n 1.20 Max 1.20 
Min -0.00 Max -0.00 

Thermal control i s  integral  t o  experiment 

D a t a /  Commun i ca t i on s 
O n b o a r d  d a t a  processing required Yes 
Description: 

E n z i n e r i n c ,  h e u s e k e e p i n g ,  a n a l y s i s  
Onboard storag; (Mbi t )  1.00 
S t a t i o n  d a t a  required: 

Time/a t t i tude/ o r b i  t po s i  t i  on/ sun v ec t o  r / o r i  en t a  t i  o n 
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Communication l i n k s :  

FROM: STATION 
TO:  G R O U N D  

DIGITAL 
D A T A  

a .  Generation r a t e  (Kbps)  
b. Duration (hours) 
c .  Frequency ( p e r  day) 
d. Delivery time (hours)  
e.  Securi ty  (yes/no) 
f. Re1 i a b i l i t y  ( X )  
g .  In te rac t ive  (yeslno) 

FROM: G R O U N D  
TO: STATION 

a.  Generation r a t e  ( W p s )  
b. Duration (hours) 
c. Frequency (per  day)  
d .  Del ivery  time (hours) 
e. Security (yes/no) 
f. Re1 i ab i l  i t y  ( X )  
g. In te rac t ive  (yes/no) 

~ 

0.10 
1.00 
1.00 

-0.00 
no 
0.00 
no 

DIGITAL 
DATA 

0.10 
0.50 
1.00 

-0.00 
no 

50.00 
Yes 

VI DE0 
D A T A  

-0.00 
-0.00 
-0.00 - 0.00 
-0.00 

VIDEO 
DATA 

-0.00 
-0.00 
-0.00 
-0.00 

-0.00 

VOICE 

NA 
-0.00 
-0.00 

0.00 

-0.00 
Yes 

VOICE 

N A  
-0.00 
-0.00 

0.0 

-0.00 
Yes 

Comment (data/communication) : 
Experiment generated data (impact occurrence,  v e l o c i t y ,  r e l a t i v e  
t r a j e c t o r y )  must be correlated w i t h  s t a t i o n  pos i t ion ,  ve loc i ty ,  a n d  
o r ien ta t ion  to  yield p a r t i c l e  t r a j ec to ry .  

Equ i  w e n t  
Pressurized modul e code 1 
Shared f a c i l  i t i e s  None 
E q u i  pnent 1 ocation legend 
1. Internal /pressurized 2. Ex te rna l / a t t ached /unpres su r i zed  
3. External/attached/pressuri  zed 4. Free-flyer (remote) 

EQUIPMENT L O C A T I O N  
1 2 3 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dimensions ( m )  
Length 3.00 
W i d t h  or diameter 3.00 
Height ( o r  blank) 3.00 
Volune (cu .  m . )  27.000 

Length 3.00 
W i d t h  or diameter 3.00 
Height  ( o r  b l a n k )  1 . 0 0  
P k g .  v o l .  ( cu .  m . )  9.000 

P k g .  dimension ( m )  

Launch mass (Kg)  1600.00 
k c e l .  Max ( G )  
E q u i  pnent  1 ocation 1 egend 
5. Free-flyer (contact-name-orbiting) 
6. 28.5 degree platform 
7. Sun sync/polar platform 
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E QU I PM ENT LOCAT I ON 
5 6 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dimensions (m) 
Length  
Width o r  d i a m e t e r  
He igh t  ( o r  b l a n k )  
Volune (cu .  m.) 

Leng th  
Width o r  d i a m e t e r  
He igh t  ( o r  b l a n k )  
Pkg. v o l .  (cu .  m.) 
Launch mass (Kg) 
k c e l .  Max ( G )  

Pkg. d imens ion  ( m )  

A t t a c h  p o i n t s  1 
Depl oynent  
assembly 

Hardware d e s c r i p t i o n  : 
System i s  a 3m x 3m c u b i c a l  s t r u c t u r e ,  5 s i d e s  o f  which have 9 l m  x l m  
compartments. A t tachnent  i s  p rov ided  from t h e  s i x t h  s ide .  Sides a r e  
h inged t o  p r o v i d e  access t o  s e r v i c e  exper iments which a r e  housed i n  t h e  
compartments. Data, power buses, e l e c t r o n i c s  a r e  i n s i d e  t h e  s t r u c t u r e .  

? W  
* I n i t i a l  c o n s t r u c t i o n / s e t  up 
Task: 

Depl oynent  and assembly 
Per iod  ( d a y s )  
I V A  t o t a l  crew t i m e  (MHR) 
E V A  p r o d u c t i v e  crew t i m e '  (MHR) 

C I - S K I L L - T Y P E  1 2 

C I -S KI L L  - L E  VE L : 
Task t r a i n a b l e  1 0 
Techn ic ian  1 0 
Pro f e  s s i o na l  0 0 

* b i l y  o p e r a t i o n s  
Task: 

I V A  crew t i m e  p e r  d a y  (MHR) 
V e r i f y  system o p e r a t i o n s  

C D-S I(i LL-T Y ?E 1 2 

CD -S KI L L  - L E  VE L : 
Task t r a i n a b l e  1 0 
Tec h n i  c i  an 0 0 
P ro fess iona l  0 0 

*Per iod i c  o p e r a t i o n s  

3 

0 
0 
0 

3 

0 
0 
0 
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2.00 
0.50 

28.00 

5 

0 
0 
0 

0.20 

E! 

0 
0 
0 



Task: 
Change o u t  o f  t e s t  panels 

IVA occurrence interval  (days)  
Crew time/occurrence 
E V A  occurrence interval  (days )  
Productive crew time/occurrence ( M H R )  

CP-SKILL-TY PE 1 2 3 

CP-S KI LL-L E V E  L : 
Task t r a inab le  1 0 0 
Technician 1 0 0 
Professional 0 0 0 

*Teardown and stow 
Comments ( Crew) : 

Serv i c  i ng  
Interval (Days) 
Consunables: 
Type - 

Test panels (Approx .  150 panels) 
Weight ( K G )  
Return ( K G )  
Volune u p  (cubic meters)  
Vol une down (cubic meters) 
Power (KW) 
Hours f o r  power 
E V A  hours per se rv ice  
Typical tasks ( E V A )  - 

90.00 
0.20 

90.00 
4.00 

4 5 

0 0 
0 0 
0 0 

90 

160.00 
160.00 

2.000 
2.000 

-0.000 
-0.000 

6.00 

6 7 

0 0 
0 0 
0 0 

Remove exis t ing panel s , r ep ,  ace w i t h  new one, a n d  package/unpackage. 
IVA hours per service -0.00 
Typical tasks (IVA) - 
Special considerations ( se rv i c ing ) :  

. Panel  may be de l i ca t e  a n d  s e n s i t i v e  t o  contamination. A1 t h o u g h  
special containers  may be provided hand1 ing must be cons is ten t  w i t h  
t h a t  o f  a c l a s s  1000 clean room (ex terna l  requirements). Panels 
should be removed/replaced from t h e  back s ide of  each pa r t i cu la r  s ide  
of  the f a c i l i t y .  

Configuration changes None 
Special considerations [ c n n f i g .  c h a n g e s )  : 

C o n t a m i n a t i o n  - 
Special Notes 

Possible s e n s i t i v i t y  t o  v a p o r s  a n d  par t icu la tes .  
co l lec tor  panel i s  planned as p a r t  o f  t he  experiment. 

None ident i f ied .  Yet. 

Ncne ident i f ied .  Yet. 

None ident i f ied .  Yet. 

None ident i f ied .  Yet. 

Possible spares a n d  e l ec t ron ic s .  
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I so la t ion  of  

Structures - 
Materials - 
Radiation - 

Safety - 
Storage - 

Quantity,  s i ze  a n d  nature TBD. 



O p t i c a l  window - 
S c i e n t i f i c  a i r l o c k  - 
Te the r  - 
Vacum v e n t i n g  - 
Other  - 

None i d e n t i f i e d .  

None i d e n t i f i e d .  Yet .  

None i d e n t i f i e d .  Yet. 

None i d e n t i  f i e d .  

The exper iment  shou ld  be l o c a t e d  a t  t h a t  p o s i t i o n  on t h e  s t a t i o n  
which has t h e  c l e a n e s t  environment ( p a r t i c u l a t e s  and vapor  
m in im ized ) .  Impact events  occur  i n  random i n t e r v a l s ,  b u t  can be 
p r e d i c t e d  w i t h  g r e a t  accuracy  a few yea rs  i n  advance. S h o u l d  be no 
problem. 

I 
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